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PREFACE 
Intestinal infections that are widely prevalent among human population include hookworm, 
round worm , tape worm thread worm, giardia, amoebiasis , etc. These infections are known to 
occur in all parts of the world with variation in incidence of spread and endemicity. Such variations 
are due to the factors which are purely ecological, climate, socio-cultural and even personal in 
nature. Most of the studies conducted so far on diseases of intestinal infestations have failed to 
enquire into the basic social and behavioural parameters in sufficient deapth, precision and detail to 
draw definite inferences. 
Hook worm larvae normally live in upper half inch of soil and commonly climb upto the 
highest point to which a film of moisture extends on soil particles, dead vegetation. When exposed 
to hot sun or superficial drying of soil, they retreat into crevices in the upper layer. Temperature is 
a prime controlling factor. Rainfall is also of fundamental importance. Heavy hook worm infections 
are never common in localities having less than 40" of rain a year,with larger annual rainfall much 
depends on seasonal distribution and on the distribution within each month, for hookworm larvae 
will not withstand complete dessication. Excessive rainfall, resulting in saturated soil, may exert 
even greater check on hookworm infection. Such local factors as humidity, drainage and hygroscopic 
nature of soil also influence the effect of intershower drying. The nature of soil is very influential 
. Hookworms never thrive in the region of heavy clay soils. Whereas in adjoining areas with sandy 
or humus soil it may coimstitute an important problem. Vegetation exerts an influence, since dense 
shade is far more favourable for the development and longevity of larvae then light shade or exposure 
to sun. Irrigation may make rainless region favourable for hookworm as moistened soil is usually 
selected for defecation. Similarly raising of such crops as coffee, tea, sugercane, cocoa, banana is 
particularly conducive to hookworm soil pollution, since these crops are grown in moist, warm 
climate under conditions affording an abundance of shade and suitable soil. 
During the past 50 years much scientific effort has been devoted for finding new drugs effective 
in curing helmintic diseases. Many broad spectrum anthelmintics capable of eliminating mixed 
worm infections have been developed. Still some nematode infections in man such as Strongyloidis 
stercoralis and Trichuris trichuria remain difficult to treat. These require repeated or high dose of 
anthelmintics with varying degree of success. 
The situation with regard to filariasis is dismal. The number of persons harbouring. Lymphatic 
( i l ) 
filariasis, known as elephantiasis, puts at risk more than a billion people in more than 80 countries. 
Over 120 million have already been affected by it, over 40 million of them are seriously incapacitated 
and disfigured by the disease. One- third of the people infected with disease live in India, one third 
are in Africa and most of the remainder in south Asia, the pacific and the Americas. In tropical and 
subtropical areas where lymphatic filariasis is well established, the prevalence of infection is 
continuing to increase. 
Because of high prevalence of helminthiasis often in rural areas on the one hand and in 
disfavoured periurban and urben areas, on the other, parasitic helminth infections are primarily the 
disease of the poor. In recent years these infections have steadily increased because of expansion of 
slum areas and poverty. As these patients are malnourished and physically incapacitated helminth 
infections prevent patients from having a normal working life. The fight to eliminate helminths is 
also a fight against poverty. 
The work carried out over the years is presented here in a consolidated manner. This was 
done with a view to : 
a. Establish a new method for in-vivo screening of potential antifilarial agents using Set aria cervi 
Rat system. 
b. Establish a new method for in-vitro screening of potential antifilarial agents using whole worm 
and nerve-muscle preparation of cattle filarial worm Setaria cervi (Nematoda-filarioidea). 
c. Identifying ionic channels in filarial nematode Setaria cervi. 
d. Screening of some synthetic chemicals and plant products for their potential antifilarial activity. 
e. Study the impact of modern agricultural practices on the transmission dynamics of 
Haemonchus contortus (sheep hook worm). 
(i) Study the influence of soil composition and structure on transformation of 
Haemonchus contortus eggs to larvae. 
(ii) Migration of infective larvae in soils from different geographical regions of the country. 
(iii) Influnce of fertilizers, pesticides, fungi on the transformation of hookworm egg to 
infective larvae. 
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CHAPTER 1 
A. Development of a new method for the screening of 
potential antifilarial agents. 
B. Screening of new synthetic chemical compounds and 
plant products for their anthelmintic/antifilarial 
activity. 
INTRODUCTION 
"Man's helminthic burden is as mythological burden of Sisyphus, toiling uphill incessantly 
with the huge stone that ever rolled back upon him", remarked stoU in 1947. About a decade later 
the same author had observed, "All told we have noted just over 2,200 million helminthic infections 
assigned to just under 2,200 million people on this planet". There is every reason to suspect, the 
situation is worse today. Helminth infections continue to be a major global public health concern 
because of their very high prevalance and detrimental effects both on nutrition and immune status 
of the population. The impact of these infections in tropical and underdeveloped countries is 
particularly severe because of poor sanitation, low standard of living and poorer health education 
prevailing among a large section of population. The helminth parasites, though seldom fatal, adversely 
affect the health status and consequently the economic growth of a nation. Precisely 20 adult Ascaris, 
which each infected person normally harbours, can consume nearly 2.8gm carbohydrates per day. 
Accordingly, Ascaris, which is harboured by 900 million people around the world, would lead to a 
loss of about 2502 tons of carbohydrate per day. This is sufficient to feed to a population of about 5 
million people a day. Similarly , a patient having Ancylostoma duodenale loses 0.15 to 0.23ml of 
blood daily per parasite and each patient on an average having 100 worms would lose about 15 ml 
of blood amounting to 15,000 litre/day/million cases and thus with 800 million infected persons 
throughout the world. The total loss would be nearly 12 million litres per day. The incidence of 
various helminth parasites and grave situation caused by them are shown in Table 1 and 2. 
Helminth parasites harbouring gastrointestinal tract were known thousands of years back and 
anthelmintics were used to rid them. Charak has described the use of filix mas for the treatment of 
tape worm infections. This treatment continued for about 2000 years till niclosamide and later 
praziquintel were introduced during past 3-4 decades. 
Experimental approch for controlling helminth populations : 
The object of chemotherapeutic reasearch is the development of new and more effective 
therapeutic tool to control and contain helminth infections in man and animals. Introduction of 
several new chemical structures replacing largely the drugs from traditional medicine has provided 
some respite, but much is left to be achieved in terms of reducing incidence and severity of helminth 
parasitic burden. 
Table 1. World Incidence/ Mortality of Major Human Parasitic Infections 
Disease Parasite Clinical manifestation Population 
infected 
(in million) 
Deaths** 
per year 
Nematodes 
Ascariasis* 
Ancylostomiasis 
Trichuriasis 
Enterobiasis 
Trichinellosis 
Ascaris lumbricoides 
Ancylostoma duodenale, 
A.ceylanicum, Necator 
americanus 
Trichuris trichiura, (Tri-
chocephalus trichiuris) 
Enterobius vermicularis 
Trichinella spiralis 
G.I.disturbances intestinal 900 
colic, intestinal obstruction, 
carbohydrate depletion 
Anaemia, abdominal pain, 800 
ulcer, retardation of growth 
Diarrhea, dysentry, pain.rectal 500 
prolaps 
Abdominal pain dysentry and 500 
pruritus and rectal prolaps 
G I disturbances,myositis, my-
ocarditis, neurological symp-
toms, urticarial rash, fatal 
Strongyloidiasis 
Filariasis 
toxaemia 
Strongyloidis stercoralis GI disturbances 
Brugia malayi, Wuche- Enlargement of legs, arms, 
reria bancrofti, Oncho- breast, genitals and blindness 
cerca volvulus, Loa loa 
50 
80 
400 
Cestodes 
Taeniasis* Taenia solium, TSagi- Diarrhea, pain epilepsy, mental 130 
nata, (Taeniarhynchus disorders 
saginatus) Hymenolepis 
nana, Diphyllobothrium 
latum 
Trematodes 
Fasciolopsiais Fasciolopsis buski Abdominal pain 2 
Schistosomiasis Schistosoma mansoni Urinogenital and gastrointesti- 200 
S. japonicum, S, haem- nal disturbances 
atobium, S. intercalatum 
20,000 
55,000 
75,000 
Can also migrate to tissues and cause pathology there 
Schofield C J, Parasitology Today, 1 (1985) 2 
2 
States 
Table2-Prevalence of Helminthiasis in Various States of India 
Percentage range 
Ascariasis Ancylostomiasis Trichuriasis Strongyloidiasis Enterobiasis Filariasis 
at risk mf diseased 
carries 
Andhra Pradesh 2 0-22 0,6 0 61 7-81 0 0 0-3 3 75 4 5 9 2 0 
Assam 70-90 42-90 29-89 39 4 15 0 33 
Gujarat 9 9-23 0 0 42-55 0 56-2 2 0 14-15 0 0-10 2 40 7 2 76 0 3 
Himachal Pradesh 33 3 13 5 61 12 
Kerala 45 0-60 5,95 0 33 5-88 0 25 0-310 0 17 0 0-4 5 100 7 8 7 5 
Madhya Pradesh 0 0-5 2 7 3-91 7 0 0-0 0 0 1 34 1 10 0 1 
Maharashtra 58 2-76 0 10 6-60 0 1 1-20 0 186 12 02 
Kamataka 5 0-64 3 29 2-76 0 01 24 16 0 16 
Orissa 40 0-58 2,93 0 47 7-87 0 0 4-94 0 11-2 0,15-20 0 3 0-5 0 77 8 7 3 4 6 
Punjab 0 1-2 2 1 1-9 6 0 3-13 03 NA NA NA 
Rajas than 
Tamil Nadu 
Uttar Pradesh 
West Bengal 
0 37-25 0 
33 0-55 0 
0 6-33 0 
16 5-28 4 
0 1-120 
0 2-2 4 
3 9-87 0 
2 2-17 91 
0 17 
1 0-1 7 
0 2-1 3 
07-11 8 
-
0 0-2 12 
0 09-0 12 
0 0-1 86 
0 02 NA NA NA 
0 0-27 0 60 3 4 0 2 0 
0 20-165 66 7 5 1 5 2 
28 8 13 0 03 
* Indicate presence of infection. 
Adapted from Gaitonde and Renapurkar (1979) and Sharma et al. (1983). 
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The introduction of a planned approach to discovery of new anthelmintics in late 1960's 
necessiated the development of specialized techniques, particularly in finding out new and more 
selective screening methods which could provide a lead to chemical research for designing and 
synthesizing chemical compounds with therapeutic potential. The primary lead and direction need 
to be provided by biological scientists by determining correlation between chemical structure and 
biological activity. This provides the basis for biochemical and radiochemical studies on the 
relationship of chemical compounds to both host and parasite, in terms of absorption, excretion, 
metabolic degradation,mode of drug action and selective concentration or persistance of drug in 
tissues. 
Helminthiasis is a problem of under developed, developing and tropical countries, which 
have a very limited budget for research. For developed countries anthelmintic research is a non 
priority area and for pharmaceutical industry it is non-productive area when compared with diseases 
related to cardiovascular system, central nervous system, malignancy and lately to impotency. In 
planning an anthelmintic project especially in third world countries, due regard must be paid to 
high cost involved especially in maintenance of large number of laboratory animals, intermediate 
host, room temperature, culture media and other associated requirements. The cost gets further 
multiplied when the life cycle of the parasite in the laboratory animal is long for example 50 days to 
8 months for most filarial parasites except for Setaria cervi and nearly 12 weeks for schistosomes in 
mouse. This period does not include the period of drug treatment and post treatment observation 
and investigations required to establish or deny the efficacy of the drug in the treatment of a particular 
worm infestation. 
Trendlenburg (1916) finding Ascaris very refractory material resorted to earthworm as 
convenient alternate for in-vitro testing and demonstrated the paralysing response of santonin. 
However earthworm which belongs to phylum annelida having a different cuticular and other structure 
was found to have no correlation in drug response with nematodes ( Lamson and Brown, 1936; 
Baldwin, 1948). The observation of lethal response to hexylresorcinol on Ascaris was the first 
attempt to observe the effect of an anthelmintic on nematode (Lamson and Brown, 1930). On the 
basis of in-vitro effect the anthelmintics were classified into (a) temporary narcosis or paralysis 
followed by recovery (b) narcosis or paralysis followed by death (c) injury to cuticle (d) digestion of 
the parasite (e) unexplained death. The result of the study provided direction for future scientists to 
use only helminth for searching anthelmintics. Studies were then undertaken with nematodes like 
Ascaris lumbricoides (Baldwin 1948, Norton and de Beer 1957) and Ascaridia galli 
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(Kerr and Cavett 1951). 
Even the vigorous attempts made in the development of immunoprophylactic agents have 
miserably failed, leaving chemotherapy as the only effective weapon to combat helminthic scourge. 
Success in chemotherapy is largely dependent on the understanding the disease process, rational 
design of molecules and usage of proper test models. Of these, the latter plays a pivotal role and 
requires better understanding of host parasite relationship, as insufficient knowledge regarding 
parasite biology would lead to erratic and inconsistent results.The inaccurate and rudimentary 
knowledge on parasitic models, we had in the past, was perhaps the main hurdle in finding suitable 
remedy to rid of helminthic burden. 
The selection of the test parasite be based as far as possible on similarities in texonomy, life 
cycle pattern, and pathological, immunological, biochemical and chemotherapeutic reactions to the 
target parasite. Investigations on such a parasite are likely to provide a drug useful against human 
helminths. 
Many species of helminths, some parasitizing man and other harboured by animals have been 
used to know more and more about their anatomy, physiology, biochemistry, response to drugs and 
other details. Some of these are being used as experimental tools to screen potential anthelmintic 
agents. 
Filariasis : 
Filariae are tissue nematodes to the vertebrate hosts. After fertilization the female produces 
numerous larvae known as microfilariae which servive for long periods in the blood, skin and other 
tissues of body, while in blood some of these are ingested by blood sucking arthropod, in this they 
undergo three moults and change to infective larvae, which can penetrate the skin of a fresh host 
while the orthopod sucks blood again. The infective larvae then mature into adult male and female 
worms which copulate and start the cycle anew. 
More then 500 species of filariae are known and only 6 of these infect man. These include 
Wuchereria bancrofti, Brugia malayi (both cause elephantiasis, hydrocoele, lymphangites etc), Loa 
loa (calabar swelling, urticeria). Onchocerca volvulus (river blindness, skin nodules), Dipetalonema 
per sans and mansonella ozzardi (nonpathogenic). 
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Lymphatic filariasis : 
Lymphatic Filariasis, known as Elephantiasis, puts at risk more than a billion people in more 
than 80 countries. Over 120 million have already been affected by it, over 40 million of them are 
seriously incapacitated and disfigured by the disease. One- third of the people infected with the 
disease live in India, one third are in Africa and most of the remainder are in south Asia, the Pacific 
and Americas. In tropical and subtropical areas where lymphatic filariasis is well-established, the 
prevalence of infection is continuing to increase. A primary cause of this increase is the rapid and 
unplanned growth of the cities, which creates numerous breeding sites for the mosquitoes that 
transmit the disease. 
In its most obvious manifestation, lymphatic filariasis causes enlargement of the entire leg or 
arm, the genitals, vulva and breasts. In endemic communities, 10-50% of men and up to 10% of 
women can be affected. The psychological and social stigma associated with these aspects of the 
disease are immense. In addition, even more common than the overt abnormalities is hidden, internal 
damage to the kidneys and lymphatic system caused by the filariae. 
Cause : 
The thread-like, parasitic filarial worms Wuchereria bancrofti and Brugia malayi that cause 
lymphatic filariasis live almost exclusively in humans. These worms lodge in the lymphatic sysrem, 
the network of nodes and vessels that maintain the delicate fluid balance between the tissues and 
blood and are an essential component for the body's immune defence system. They live for 4-6 
years, producing millions of immature microfilariae (minute larvae) that circulate in the blood. 
Transmission : 
The disease is transmitted by mosquitoes that bite infected humans and pick up the microfilariae 
that develop, inside the mosquito, into the infective stage in a process that usually takes 7-21 days. 
The larvae then migrate to the mosquitoes' biting mouth-parts, ready to enter the punctured skin 
following the mosquito bite, thus completing the cycle. 
Signs and Symptoms : 
The development of the disease itself in humans is still something of an enigma to scientists. 
Though the infection is generally acquired early in childhood, the disease may take year to manifest 
itself 
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Table 3. Methods for antifilarial screening 
Species of Filaria 
Litomosoides carinii 
Hawking & sewell, 
1948 
Dirofilaria immitis 
Experimental 
hosts 
Cotton rat 
Jird 
Dog 
Intermediate 
hosts 
Tropical mite 
Mosquito 
Incubation 
period 
50 
180-240 
Remarks 
Suramine ineffective 
cynine dyes effective 
DECInffective, 
Dithiazanine effective 
Dirofilaria repens Webber 
& Hawking, 1955 
160 
Brugia malayi Edeson & Cat, Dog Mosquito 
Laing, 1959 
No effect on Mf 
Brugia pahangi Edeson, 
Wharton & Laing, 1960 
59-83 Effect only on adult 
worms 
Dipetalonema witei 
worms etal., 1961 
Jird Tick 42-65 DEC, ineffective 
No. of Mf low 
& inconsistant 
Chandlerella hawkingi 
Chatterjee et al, 1965 
Indian jungle 
crow 
Only arsenicals effective 
against adult worms. 
No effect on Mf 
Setaria cervi 
Singhal et. al., 1969. 
Rat,Dog 7-13 Short incubation period 
No intermediate Host 
Responds to DEC 
& Arsenicals 
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Indeed, many people never acquire outward clinical manifestations of their infections. Even 
though there may be no clinical symptoms, studies have now disclosed that such victims, outwardly 
healthy, actually have hidden lymphatic pathology and kidney damage as well. The asymptomatic 
form of infection is most often characterized by the presence in the blood of thousands or millions 
of larval parasites (microfilariae) and adult worms located in the lymphatic system. 
The worst symptoms of the chronic disease generally appear in adults, and in men more often 
then in women. In endemic communities, some 10-50% of men suffer from genital damage, especially 
hydrocoele (fluid filled balloon-like enlargement of the sacs around the testes) and elephantiasis of 
the penis and scrotum. Elephantiasis of the entire leg, the entire arm, the vulva, or the breast -
swelling up to several times normal size - can affect up to 10% of men and women in these 
communities. 
Acute episodes of local inflammation involving skin, lymph nodes and lymphatic vessels 
often accompany the chronic lymphoedema or elephantiasis. Some of these are caused by the body's 
immune response to the parasite, but most Eire the result of bacterial infection of skin where normal 
defences have been partially lost due to underlying lymphatic damage. Careful cleansing can be 
extremely helpfiil in healing the infected surface areas and in both slowing and, even more remarkably, 
reversing much of the overt damage that has occured already. 
In endemic areas, chronic and acute manifestations of filariasis tend to develop more often 
and sooner in refiagees or newcomers than in local populations continually exposed to infection. 
Lymphoedema may develop wthin six months and elephantiasis as qiickly as a year after arrival. 
Filarial infections are specific in their hosts. Whenever possible it is preferable to screen 
drugs in experimental animals against the target organism. The human infection (with partial 
exception to B. malayi) can not be transferred to laboratory animals. Consequently, chemotherapeutic 
screening must be done on a suitably related parasite, which is not completely indentical with the 
human parasite in its reactions to the host and the drugs (Hawking, 1963). The table below provide 
the list of test parasites used for the screening of anthelmintics. 
The high incidence of filariasis, its endemicity in our country, nonavailability of an ideal 
antifilarial agent, lack of proper understanding of physiology and neurohumoral and neuromuscular 
transmission, lack of proper understanding of the immunological response of the host to the infection, 
lack of understanding of role of ions and ionic chaimels in filarial parasites and related issues led 
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the investigator and his team to attempt to develop laboratory method suitable for studying the 
problem of filariasis in detailed manner. 
The Setaria cervi albino rat system has been used as the basic model for experimental filariasis 
in the present design, this model has been used to study the survival of adult Setaria cervi in the 
peritoneal cavity of rat, induction of microfilarmia and the effect of drugs on the adult worm and 
microfilariae. Further the self limiting nature of infection in rat provides opportunity to study the 
immunological response in the host. 
The in-vitro studies offer opportunities to observe the physiological behaviour of adult 
Setaria cervi outside the host, effect of neurohumors, anthelmintics, ionic channel operators, plant 
extracts on the entire worm or the nerve- muscle preparation and the effect of drugs on the in-vitro 
survival period of the microfilariae. 
The in-vivo and in-vitro methods developed in the laboratory by the present investigator 
provide an unique opportunity for the screening of potential antifilarial agents, studying neurohumoral 
transmission and ionic channels etc. The method being simple, less time consuming, economical 
and specific in its response to drugs with human filarial infection is well suited for laboratories 
situated near a slaughter house from where the adult worms can be picked up from the peritoneal 
cavity of freshly slaughtered cattle and brought to the laboratory. 
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LETTERS TO THE EDITOR 
Setaria cervi, a test organism for 
screening antifilarial agents 
The methods currently available for the screening of antifilarial agents are time-
consuming and inconvenient, since an intermediate orthopod vector is required to 
transmit the infective larvae to the experimental host. Even then there is a long 
incubation period before microfilaria appear in the blood; 50 days for Litomosoides 
carina (Hewitt, Wallace & others, 1947) and 8 months for Dirofilaria immitis (Webber 
& Hawking, 1955). 
In the present method, two male and two female adult Setaria cervi, a common 
filarial parasite of cattle, were implanted intraperitonially into rats within 2 h of 
collection from the slaughter house. Microfilaria appeared in the rat blood in 
the second week after implantation and continued to be present up to six weeks after 
which the adult worms were found dead at autopsy. 
Rats which showed the presence of microfilaria in peripheral circulation were 
given diethylcarbamazine orally in doses of 2-5, 5 and 10 mg/100 g. Blood was 
examined daily by spreading a thick film on the slide, dehaemoglobinizing, and then 
staining with Leishman stain. Complete disappearance of the microfilaria during 
3 consecutive days was accepted as a positive antifilarial response. 
Table 1. The antifilarial activity of diethyl carbamazine against groups of rats 
infected with Setaria cervi 
Daily oral dose of 
diethylcarbamazine No. of rats cleared Response 
mg/lOO g Rats surviving of microfilaria % 
Control 10/10 0/10 
10 9/10 9/9 100 
5 10/10 7/10 70 
2-5 10/10 2/10 20 
As shown in Table 1 diethylcarbamazine was found to be completely effective in 
a dose of 10 mg/100 g and the response diminished with the reduction of the dose. 
When the drug was discontinued microfilaria reappeared in the blood. 
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EFFECT OF SOME CHEMOTHERAPEUTIC AGENTS ON SETARIA CERVI 
IN-VITRO 
by 
SINGHAL, K. C, OM CHANDRA & SAXENA, P. N. 
Department of Pharmacology, Medical College, A. M. U. Aligarh 
Setaria cervi, a cosmopolitan nematode parasite of cattle has been successfully 
implanned intraperitonealiy in rats. Rats implanted with 2 male and 2 female adult 
worms showed the presence of microsetaria in peripheral circulation in 10±3 days and 
comiaued to be pressnt for 54±6 days (Singhal et al. 1969). Diethylcarbamazine' a 
known antifilarial agent caused the disappearance of microfilaria in peripheral circulation 
(Singhal et. at, 1969). Setaria cervi-rat system fulfils the most important requirement Of 
a good screening method in that it corresponds to human filariasis in its sensitivity to 
drugs. 
For studying the effect of drugs on Setaria cervi in-vitro, ten adult worms were 
placed in 100 ml. of modified ringer's solution in a container. Fluid was gradually 
replaced by fresh solution flowing in the container from a reservoir at the rate of 40 drops 
per minute. The volume in the container was maintained constant by allowing the 
excess fluid to overflow through an outlet. Under such conditions the adult worms 
stayed alive for over 72 hours. Drugs were added in different concentrations to the fluid 
in the container and the reservoir. At the and of 24 hours, worms were transferred 
in the fresh solution, and were further observed for two hours. On the basis of the effect 
on worm the drugs could be grouped in the following categories : 
(i) Vermicidai, (ii) Paralysant, when the worms had become immobile but 
regained their motility within 2 hours of their transfer to fresh solution, (iii) without 
any effect. 
The antifilarial agents were vermicidai in-vitro. This is in contrast to the 
effect observed in-vivo studies, where live worms were found on autopsy even thoug^h the 
microsetaria had disappeared after medication. 
The piperazine hexahydrate and phenothiazines showed a dose dependent para-
lysing effect on adult worms. Antibiotics and sulpha drugs had no adverse effect on 
adult Setaria cervi. 
A.M.U. Press—1106 
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AN IN VIVO METHOD FOR THE SCREENING OF 
ANTIFILARIAL AGENTS USING SETARIA 
CERVI AS TEST ORGANISM 
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Setaria cervi (1, 2), a cosmopolitan nematode parasite of cattle, lives in the peritoneal 
cavity. 85 % of cattle are found infected with Setaria cervi. The maximum number of 
worms (60 to 70 in each head) is found between mid June to August after which the number 
declines and from December to January incidence is as low as 10 to 20 Setaria cervi per 
head. From February onwards the number starts increasing. The ratio of male and female 
Setaria cervi in catties has been found to be 1 : 1.21, but incidence of infection in these 
animals is very low. Setaria digilata has been found to be more common in goats and 
sheep and Setaria equina in horses. No report is however available regarding the incidence 
of infection by Setaria cervi in neighbouring countries. Little is known about the life 
history and mode of transmission, but a blood sucking arthopod vector is presumed to be 
involved in the completion of the life cycle. Williams (3) succeeded in transplanting these 
worms from freshly slaughtered cattle to rabbits and showed the presence of microfilariae 
in the peripheral circulation of the rabbits. Although Williams (3) did not succeed in 
finding an arthopod vector, his results indicated the possibility of keeping the nematodes 
alive in an experimental host. Later, Nelson (4) succeeded in transplanting both adult 
worms and microfilariae to rabbits and monkeys. The morphology of the adult worm and 
microfilaria is described by Ansari (5). Adult worms measure 10.0i:2.5cm (male) and 
15.0±2.0cm (female) in length. The microfilariae are microscopic structures 277± 14.0/i 
long and 7.5±1.5;« wide. Ansari (6) successfully implanted the adult worms intraperi-
toneally in rats and studied microfilariae periods in the peripheral circulation. Maximum 
density of the microfilariae in the peripheral blood occurred between 6-8 a.m. and 6-8 p.m. 
Singhal et al. (7) also successfully transplanted the adult worms of Setaria cervi intraperi-
toneally in rats and reported disappearance of microfilariae from the peripheral circulation 
after oral administration of diethylcarbamazine. In the present study an attempt has been 
made to extend these observations and to establish the value o{ Setaria cervi as a test organism 
for the screening of antifilarial agents. 
MATERIALS AND METHODS 
Adult Setaria cervi were taken from the peritoneal cavity of freshly slaughtered cattle 
and put immediately in normal saline which was maintained at the temperature as that of 
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the host. The worms remained alive and actively motile for 8-10 hr after collection. They 
were implanted 2-3 hr after collection, the time taken to bring them from the slaughter house 
to the laboratory. Before implantation, worms were given rejjeated washings with normal 
saline to free them from extraneous material. Antibiotics were not used in the wash so-
lution as they affected the worms adversely. Worms were implanted in rats of both sexes, 
weighing 100-150 g. Each rat was anaesthetised with ether and an incision aboutj" long 
was made in the abdominal wall. The adult Setaria cervi were put into the peritoneal cavity. 
The peritoeum was stitched with No.OO catgut and the body wall with silk thread. An 
antiseptic was applied to the wound daily to check local infection. 
The blood of the rats was examined daily for the presence of microfilariae. Thick 
films were made from 1 ml samples of blood, dried and dehaemoglobinised in distilled water 
for one hr. Thereafter, the slides were stained with Irishman's stain and microscopically 
examined for the presence of microfilariae. Rats implanted with four adult worms (2 male + 
2 female) usually showed the presence of microfilariae during the second week after im-
plantation. Usually 10-20 microfilariae were present in each thick film. In untreated 
infected animals microfilariae continued to be present for about 6 weeks. The rats remained 
healthy during this period. To study the periodicity of microfilariae in the peripheral 
circulation, slides were prepared every 2 hr from 6 A.M. to 8 P.M. 
Rats which had shown microfilariae in the blood for 3 consecutive days were treated 
daily with doses of drugs given orally or intraperitoneally (Table 2). Peripheral blood 
was examined daily for microfilariae and disappearance time was noted. Complete dis-
appearance of microfilariae from the peripheral circulation for three consecutive days was 
taken as evidence of antifilarial action. Autopsy was done on half of these rats and adult 
worms were examined. In the remaining rats, the drug was stopped and the peripheral 
blood was examined for the reappearance of the microfilariae. If there was no response for 
fifteen days of medication the drug was considered ineffective and was discontinued. 
The drugs used were diethylcarbamazine, piperazine citrate, bephenium hydroxy-
naphthoate, chloroquine phosphate, tetrachloroethylene and 3-acetamido-4-hydroxyphenyl-
arsonic acid. 
RESULTS 
Two male and two female adult Setaria cervi were implanted in rats for the screening 
of antifilarial agents as this combination was found to cause low mortality and maximum 
duration of microfilaraemia (54 ±6 days). When the number of worms implanted was 
increased, the mortality was higher although microfilariae appeared early in the peripheral 
blood. When 5 male and 10 female worms were implanted all the rats died within 72 hr 
(Table 1). Microfilariae appeared in every slide prepared and there was no significant 
difference in their numbers indicating periodicity at any time between 6 a.m. and 8 p.m. 
Diethylcarbamazine, the commonly used antifilarial agent, produced complete dis-
appearance of microfilariae from the peripheral circulation of rats at a dose of 100 mg/kg/day 
orally, in 4-6 days. The onset time of antifilarial action was delayed 8-10 days and 10-
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12 days in 50 mg and 25 mg/kg daily doses respectively. The response was 70% with 50 
mg/kg and 20% with 25 mg/kg dose. The lower doses were however, ineffective (Table 
2). 3-Acetamido-4-hydroxyphenyl arsonic acid was given in doses of 30 and 60 mg/kg/day 
intraperitoneally. With a 30 mg/kg dose, 40% of the rats were cleared of microfilariae 
from peripheral circulation in 2-4 days. However with a higher dose of 50 mg/kg the 
respones increased to 90% and time of onset of antifilarial action remained almost the 
same. Piperazine citrate, tetrachloro-ethylene, bephenium hydroxynaphthoate and chlo-
TABLE 1. intraperitoneal implantation of adult Setaria cervi in rats and appearance 
of microfilaria in peripheral circulation. 
No. of 
rats 
5 
60 
10 
15 
10 
20 
8 
Number of 
worms im-
planted 
(male+ 
female) 
1+ 1 
2+ 2* 
2+ 4 
3+ 4 
4+ 4 
5+ 5 
5+10 
Time of 
appearance 
of micro-
filaria 
(days) 
14±2 
10±3 
10±3 
9±3 
8±2 
3±I 
2 
Duration of 
microfila-
remia 
(days) 
35±6 
54±6 
53±7 
5I±4 
32 + 
17+ 
Mortality 
% within 
10 days 
0 
3.3 
30 
40 
60 
75 
100 within 
72 hr 
+ Could not be observed further as all rats died. 
This combination was used for chemotherapeutic trials. 
TABLE 2. effect of various chemotherapeutic agents against microfilariae of Setaria 
cervi 
Drug 
Untreated 
control 
Diethyl-
carbamazine 
citrate 
Bephenium 
hydroxy-
naphthoate 
Tetrachloro-
ethylene 
Piperazine 
citrate 
3-Acetamido-
4-hydroxy-
phenyl arsonic 
acid. 
Chloroquin 
phosphate 
in vivo. 
Dose 
(mg/kg/ 
day) 
— 
25 
50 
100 
400 
250 
500 
1000 
200 
30 
60 
500 
No. of 
daily 
doses 
— 
2 
2 
2 
J 
2 
Time of 
disappea-
rance of 
microfi-
laria 
(days) 
— 
10-12 
8-10 
4- 6 
" 
— 
— 
— 
2 - 4 
2- 3 
— 
Duration 
of medi-
cation 
(days) 
— 
13-15 
11-13 
7- 9 
15 
15 
15 
15 
15 
5- 7 
5 -6 
15 
Route 
— 
oral 
oral 
oral 
oral 
oral 
oral 
oral 
oral 
i. p. 
i. p. 
oral 
Survivors 
No. of rats 
autopsied 
10/10 
10/10 
20/20 
20/20 
5 / 5 
5/ 5 
5/ 5 
4 / 5 
5 / 5 
10/10 
10/10 
8/10 
5 
5 
10 
10 
— 
— 
5 
5 
— 
Rats 
cleared 
of micro-
filaria 
0/10 
2/10 
14/20 
20/20 
0 / 5 
0/ 5 
0/ 5 
0/ 4 
0 / 5 
4/10 
9/10 
0/ 8 
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roquine phosphate were ineffective in their maximum therapeutic doses (See Table 2). As 
shown in Table 2, 50% of the rats in which the microfilariae disappeared from the peri-
pheral circulation after medication were autopsied and out of 140 adult worms obtained 
from these rats 95 % were found to be actively motile. This indicates that only those 
compounds which were effective in experimental and human filariasis are able to elimi-
Setaria cervi from the peripheral circulation by a direct action, and not by killing the adult 
nate the microfilariae of worms. 
DISCUSSION 
Filarial infections are closely specific to their vertibrate hosts, hence, for the screening 
of antifilarial agents, ideal conditions will be served if human filariasis can be transferred to 
a closely allied animal host for drug testing. This is not practical with the exception of 
Brugia malayi in cats (8, 9) and consequently chemotherapeutic screening must be done on 
a suitably related parasite. In almost all methods presently available it is not completely 
identical with the human parasite in its reactions to drugs. The best practical procedure 
to date for the in vivo screening of antifilarial agents involves the use of Litoiiwsoides carinii 
infected, cotton rats (10). The validity of this method can be questioned on the basis that 
L. carinii infection responds to certain drugs which have no effect on human filarial infection 
produced by Wuchereria, Loa loa or Onchocerca. The screening method using Dipetalonema 
witei (11) is even less reliable as its chemotherapeutic correspondence to human infection 
is even less close as compared to L. carinii. Even diethyl carbamazine, a potent filaricidal 
agent has no effect on D. Witei infection. Furthermore there is a long incubation period 
of 50 days for Litomosoides carinii (10) and Dipetalonema witei (11) to 8 months for Dirofilaria 
immitis (12) before microfilariae appear in peripheral circulation. 
The use of Setaria cervi infection in rats for the screening of antifilarial agents appears 
to be preferable to the presently available methods. Intraperitoneal implantation of four 
adult Setaria cervi produced microfilaraemia within 10±3 days and it lasted for 54±6 days 
which is quite sufficient for screening. If the number of worms implanted is increased the 
mortality is also increased though the onset of microfilaraemia may be hastened by few 
days. Four adult worms were therefore implanted throughout the chemotherapeutic trials 
conducted in the present investigation. The method also fulfils the most important re-
quirement of a good screening method, in that it corresponds to human filariasis in, its 
sensitivity to drugs. Therefore, this method which has no arthopod vector as an intermediate 
host, is easy to carry out, involves little expenditure and time, is a promising method for the 
screening of antifilarial agents. 
SUMMARY 
In the present study, rats were implanted with 4 adult Setaria cervi (2 male and 2 female), 
a cosmopolitan parasite of cattle, intraperitoneally within 2-3 hr of collection from the 
slaughter house. The blood of infected rats was examined daily for the presence of micro-
filaria. Rats showed the presence of microfilariae in 10±3 days after implantation and 
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continued to be present for 54 ± 6 days. 
Rats which showed the presence of microfilaria for three consecutive days were treated 
with different doses of diethyl carbamazine, piperazine citrate, behphenium hydroxy-
naphthoate, tetrachloro-ethylene, 3-acetamido-4-hydroxyphenyl arsonic acid and chloroquin 
phosphate. 
Diethyl carbamazine and 3-acetamido-4-hydroxyphenyl arsonic acid, effective in human 
filariasis have been found to be effective in eliminating microfilaria from the peripheral 
circulation of rats. The Setaria cervi-rat system has been found to be simple, convenient, 
less time consuming and an economical method for the screening of antifilarial agents. 
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SECONDARY ANTIFILARIAL SCREENING IN DOGS USING 
SETARIA CERVI AS TEST ORGANISM 
K.C. SINGHAL, Om CHANDRA and P.N. SAXENA 
Department of Pharmacology, J.N. Medical College, A.M.U., Aligarh, India 
Received for publication May 23, 1972 
It has been reported (1, 2) that intraperitoneal implantation with two male and two 
female adult Setaria cervi produces microfilaremia in rats within two weeks and lasts from 
54:1:6 days. When the number of worms implanted is increased, microfilaria appear earlier 
but the mortality of the host is higher. Complete disapp3arance of microfilaria from 
peripheral circulation results after oral and intraperitoneal administration of diethyl car-
bamazine and 3-acetamido-4-hydroxy-phenyl arsonic acid respectively. Other chemothe-
rapeutic agents effective against various nematode infections, but ineffective against filariasis 
were also ineffective against microfilaria of Setaria cervi. 
For a secondary screening, in a more closely allied host to human beings, adult Setaria 
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TABLE 1. Effect of diethylcarbamazine against microfilaria of Setarva cerii in dogs. 
(mg/kg) ^^'(SlT microfilaria (°/°> 
Control — 0/5 — 
5 _ 0/5 -
7 8-10 2/5 40 
10 3 - 5 5/5 100 
cervi were aseptically implanted intraperitoneally in dogs weighing 3-5 kg. The worms 
were implanted within 2 hr of their collection from the peritoneal cavity of slaughtered 
cattle. An 1-1.5 cm incision was made in the abdomen of anaesthetized dogs and per-
itoneum was slit open. Twenty-five each of male and female adult worms were slipped 
into the peritoneal cavity. Peritoneum was stiched with No. 00 catgut and skin with silk 
thread. Microfilaremia occurred within 10±3 days after implantation and persisted for 
50 ± 7 days. Diethyl carbamazine in doses of 5, 7 and lOmg/kg body weight was given 
orally from the third day of microfilaremia. Complete disappearance of microfilaria 
from peripheral circulation was taken as positive antifitarial effect. 
As shown in Table 1 diethylcarbamazine is 100% effective in a dose of 10 mg/kg. The 
response diminished with the reduction in dose. When the drug was discontinued, micro-
filaria reappeared in peripheral circulation. 
Acknowledgements: The authors are grateful to the Indian Council of Medical 
Research, New Delhi, for providing the financial assistance and to Sri M.B.L. Johri for the 
technical assistance. 
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Abstract—TTie present study demonstrates the optimum conditions required for sur-
vival of the adult Setaria cervi in-vitro and the effect of some drugs on these worms. 
Continuous replacement of the perfusion fluid favoured survival of the worms. Aera-
tion or oxygenation of the fluid had no effect. The optimum concentration of the 
glucose in Ringer's solution ensuring longest survival period was found to be 0.25 
g/l. In such a modified Ringer's solution all the worms were living at the end of 
72 hr. Addition of MgCU and NaHiP04 into the fluid adversely affected the 
worms. Coal tar dyes, methyl violet, gentian violet and mercurochrome were found 
to be lethal to the adult worm in very low concentrations. Thiabendazole, diethyl-
carbamazine and acetylarsan were next in the descending order of potency. Pipera-
zine hexahydrate, chlorpromazine and promethazine produced paralysis of the worms 
which regained normal motility after transference to the fresh solution. Sulpha-
thiazole, streptomycin, petiicillin and metronidazole had no effect. 
The need for effective chemotherapeutic agents against filariasis has stimulated the 
search for a rapid and reliable test for screening potential antifilarial agents in the labora-
tory. The methods available at present possess some inherent disadvantages such as the 
need for an intermediate orthopod vector, a long incubation period (1, 2, 3) (50-240 days) 
and lack of specificity. These factors are largely responsible for the slow pace of develop-
ment of new drugs for filariasis. 
The method reported by the authors (4, 5) using Setaria cervi as a test organism in 
rats eliminates the use of an intermediate orthopod vector. The incubation period is 
short (10±3 days). Microfilaremia persists for a duration (54±6 days), sufficiently long 
for the performance of the test. Using this method microfilaria disappeared from the 
peripheral circulation due to treatment with diethylcarbamazine (15 days) and 3-acetamido-
4-hydroxy phenyl arsonic acid (7 days). It has been suggested that the effect of these 
agents is exerted on the microfilarial forms and not on the adult worms because the live 
worms were recovered, at autopsy, from the peritoneal cavity, after treatment with these 
drugs at a stage when the microfilaria had been persistently absent from the peripheral 
blood for three consecutive days. 
The present study concerns the effect of drugs on the adult Setaria cervi in-vitro, with 
a view to elucidating the devitalising effect, if any, of the drugs, and the possibility of 
such in vitro effect being used as a screening method. 
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MATERIALS AND METHODS 
Adult worms of Setaria cervi were collected from the peritoneal cavity of the freshly 
slaughtered cattle. The worms were brought to the laboratory in modified Ringer's solu-
tion (as described below). In the laboratory, worms were given repeated washings with 
the same solution to free them from extraneous material. 
In a preliminary study, an attempt was made to determine optimum conditions which 
would ensure a fairly long period of survival of the worms. 
Adult worms were placed in 100 ml of Ringer's solution in a beaker and observed. 
Over 90% of the worms were found dead at the end of 24 hr. Aeration of the fluid was 
then attempted and it was observed that slow and continuous streaming either of air or 
oxygen through the fluid did not favourably affect the survival of the worms. It was 
then concluded that a continuous replenishment of the nutrients and removal of the meta-
bolites may have a favourable effect. The following experiment was, therefore, devised. 
Ten adult worms were placed in 100 ml of Ringer's solution in a conical flask. The 
glucose concentration of the fluid was varied. Fluid was gradually replaced by fresh solu-
tion flowing into the conical flask from a 10 liter aspirator bottle at a rate of 40 drops per 
min. The volume of the fluid in flask was maintained constant by allowing the excess 
fluid to overflow through an outlet. The arrangement is shown in Fig. 1. 
\ 
— ASPIRATOR BOTTLE 
»•»- SCREW 
•-MURPHY'S DRIP 
* - CONICAL FLASK 
- O U T L E T 
Fio. 1 
The worms were examined at intervals of 24, 48, 72, 96 and 120 hr and the number 
of motile and consequently surviving worms in each group was recorded. Table 1 shows 
the effect of alteration in glucose concentration in the perfusion fluid and Table 2, the ef-
fect of addition of NaH,PO^ and MgCJ, to the perfusion fluid containing 0.25 g gJucose/J 
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TABLE 1. Effect of different concentrations of glucose in Ringer's solution on the 
survival of adult Setaria cervi in vitro. 
Concentration , , , Survivors 
of glucose No. of 
1* 
0.5 
0.25 
0.125 
50 
50 
50 
50 
Gm/Liter ^°™* 24 hr 48 hr 72 hr 96 hr 120 hr 
46 P>.10 25 P<.01 0 0 0 
50 40 P>.10 16 P<.001 0 0 
50 50 50 43 20 
50 46 P>.IO 31 P<.01 5 P<.001 0 
* Concentration of glucose in original Ringer's solution. 
P=Probability calculated with respect to the corresponding figure observed with 
0.25% glucose. 
on the survival of the worms at different periods. The probability value (?) for the sig-
nificance of difference between the number of worms surviving at the end of different periods 
was calculated using the X' test. 
It is observed from Table 1 that 0.25 g/1 is the optimum concentration of glucose in 
the perfusion fluid enabling all the worms to survive for a period of 72 hr. With 1 g/1 con-
centration of glucose some worms were found dead at the end of 24 hr but the survival 
was significantly lowered compared to the 0.25 g/1 concentration only at the end of 48 
hr (P<0.01). All the worms survived a period of 24 hr with 0.25 and 0.125 g/1 of glucose. 
Some in each group were found dead at the end of 48 hr. Adverse effect on survival be-
came statistically significant at the end of a 72 hr period. The probability that survival 
is due to chance is <.001 for 0.5 g/1 and <.01 for 0.125 g/1. ^ 
TABLE 2. Effect of addition of MgCli and NaHjPO, to Ringer's solution* on the 
survival of Setaria cervi in vitro. 
Concentration 
mg/Liter 
Control 
NaHjPO, 
200 
100 
MgQ, 
200 
100 
No. of 
worms 
50 
56 
56 
100 
56 
24 hrs 
50 
55 
56 
100 
53 
48 hrs 
50 
55 
52 
98 
53 
Survivors 
72 hrs 
50 
52 P>0.1 
50 P>0.1 
95 P>0.1 
50 P>0.1 
96 hrs 
43 
32 P<0.001 
37 P>0.02 
74 P>0.1 
41 P>0.1 
120 hrs 
20 
8 P>0.001 
13 P>0.02 
33 P>0.1 
18 P>0.1 
* Concentration of glucose was 0.25 Gm/Litcr in all experiments 
P=Probability calculated with respect to the figure obtained in the control. 
Table 2 shows that addition of NaHjPO^ or MgCl, normal constituents of Tyrode's 
solution to this perfusion fluid containing 0.25 g glucose per liter adversely affects the sur-
vival of the worms, however it is only with NaH.PO, and at 96 hr period, that the decrease 
in surviving worms becomes statistically significant. 
Oa the basis of the above result, Ringer's solution containing .25 g glucose/1, which 
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ensured the longest survival, was therefore employed in this study for evaluating the drug 
effect on adult worms and is referred as 'Modified Ringer's Solution'. 
The effect of drugs on the worms, in the set up described above was studied by adding 
the drugs to fluid in varying concentrations. Each concentration of a drug was allowed 
to act for 24 hr. Thereafter, the worms were transferred to the fresh solution and were 
further observed for two hr. 
On the basis of the effect on the worms, the drugs were grouped in the following cate-
gories ;-
1. Inactive, when the worms remained visibly unaffected. 
2. Paralysant, when the worms became immobile but regained their motility within 2 
hr of their transference to normal solution. 
3. Vermicidal, when the motility did not return within 2 hr following their transference 
to the normal solution. 
RESULTS 
The above mentioned effects of the drugs on the survival period of Setaria cervi are 
summarized in Table 3. As is apparent from the Table 3, methyl violet, mercurochrome 
and gentian violet showed the greatest vermicidal activity, the former two being active in 
2 n%lm\ while the last in 4.25 /tg/ml concentration. Thiabendazol and diethylcarbama-
zine come next in that order of potency being active in 300 and 750 ;Ug/ml concentration 
respectively. Acetylarsan required very high concentrations to show a vermicidal effect. 
Among the paralysants, chlorpromazine and promethazine were equally potent and 
more so in 50 /<g/ml concentration. Piperazine, active against intestinal helminths, required 
a high concentration (1000/<g/ml) to produce an in vitro paralysant effect. 
Sulphathiazole, streptomycin, penicillin and metronidazole were ineffective in even 
quite high concentrations. 
TABLE 3. In vitro activity of test compounds against adult worms of Setaria cervi 
after 24 hr. 
Drug 
Methyl violei 
Mercurochrome 
Gentian violet 
Thiabendazole 
Diethyl carbamazine 
Acetylarsan 
Chlorpromazine 
Promethazine HQ 
Piperazine hexahydrate 
Sulphathiazole 
Streptomycin 
Penicillin 
Metronidazole 
No. of 
worms 
40 
30 
40 
40 
50 
40 
30 
30 
30 
40 
30 
30 
40 
Concentration 
/ig/ml 
2 
2 
4.25 
300 
750 
3500 
50 
50 
1000 
1600 
2000 
2400 units/ml 
1600 
Effect 
100% Mortality 
// 
'/ 
// 
// 
// 
Paralysant 
// 
» 
No effect 
// 
// 
// 
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DISCUSSION 
The method described here appears suitable for examining the direct effect of drugs on 
the adult Setaria cervi. The worms can be kept alive and actively motile for over 72 hr, 
a period sufficient to assess the effect of a drug while in direct contact with the worm. 
The well-established antifilarial agent, diethylcarbamazine, required a very high con-
centration to kill the worms in-vitro. Such high concentrations are not attained in thera-
peutic doses. 
The present finding supports an earlier suggestion of the investigators (5) that the 
observed beneficial effect of diethylcarbamazine in filaria is exerted on the reproductive 
potential of the adult worm and/or directly on the circulating microfilaria and not on the 
adult worms. They recovered live adult worms from the peritoneal cavity of rats 
in which microfilaria had been persistently absent from the peripheral circulation for at 
least three consecutive days following treatment with diethylcarbamazine. The same 
is true of another antifilarial agent, acetylarsan. ^ 
Metronidazol, sulphathiazole, and the antibiotics penicillin and streptomycin, as 
representatives of the antiprotozoal and antibacterial drugs had no effect. 
The paralysant effect of the phenothiazines chlorpromazine and promethazine and of 
piperazine can probably be attributed to their local anaesthetic and/or neuromuscular 
blocking effect. 
The Coal tar dyes, methylviolet, mercurochrome and gentian violet arc highly potent 
vermicidal in vitro. They have never been used therapeutically due to the general pro-
toplasmic toxicity. 
Thiabendazole is an effective broad spectrum anthelmintic (6). In addition it is 
absorbed after oral administration. It has been shown to be effective in the treatment of 
tropical pulmonary eosinophilia (7) a condition generally attributed to animal filariasis. 
This drug, therefore, appears promising for in vivo evaluation against Setaria cervi. 
Acknowledgments: The authors are grateful to the Indian Council of Medical Re-
search, New Delhi, for financial assistance, and to M/S. Merck Sharp & Dohme of India 
Limited for a generous supply of Thiabendazole. 
REFERENCES 
1) HAWTCING, F. AND SEWELL, P.: Br. J. Pharmacol. Chemother. 3, 285 (1948) 
2) WORMS, M J . , TERRY, R.J. AND TERRY, A.: J. Parasitol. 47, 963 (1961) 
3) WEBBER, W.A.F. AND HAWKING, F.: Exp. Parasitol. 4, 143 (1955) 
4) SiNOHAL, K.C., CHANDRA, O., CHAWLA, S.N., GUPTA, K.P. AND SAXENA, P.N.: /. Pharm. 
Pharmacol. 21, 118 (1969) 
5) SiNGHAL, K.C., CHANDRA, O. AND SAXENA, P.N.: Japan. J. Pharmacol. 22, 175 (1972) 
6) IswARiAH, V. AND NARAYAN RAO, M.S.: /. Ass. Phycns India 12, 305 (1964) 
7) CHAUDHURI, R.N. AND SAHA, T.K.: Bull. Cal. Sch. Trop. Med. 12, 177 (1964) 
Zi 
/nrf. J. Pharmac. 7 (1, 2) 22-26 (1975) 
Effect of Neurohumors and Some Other Drugs 
on the Movements of Setaria Cervi 
K. C. SINGHAL, B. R. MADAN* P. N. SAXENA and M. B. L. JOHRI 
Department of Pharmacology, J. N. Medicaf College 
Aligarh Muslim University, Aligarh 
Abstract Q S0tarla cervi. obtained from the peritoneal cavity of 
cattle, was suspended in 20 ml bath at 37° C in modified Ringer's 
solution. Recordings were taken on a slow moving kymograph. At 
least 15 min were allowed to establish normal activity and 10 min 
were taken as sufficient time to determine whether the test substance 
affected the movements of the worm. Fresh worm was used to test 
each dose of the drug even though the substance had no effect. 
Acetylcholine stimulated the movements of the worm. Eserine neither 
potentiated the action of acetylcholine nor had any effect of its own. 
The effect of acetylcholine was imitated by nicotine, xylocaine and 
procaine and was antagonized by GABA but not by d-tubocurarine, 
hexamethonium and atropine. Adrenaline, histamine, 5-hydroxy-
tryptamine. picrotoxin, strychnine, eserine and glycine had no effect 
on the movements of the worm. Pentobarbitone and GABA caused 
depression of the worm movements. 
INTRAPERITONEAL implantation of Setaria cervi, a cosmopolitan nematode 
parasite of the cattle, in rats and dogs induce microfilaremia which responds 
specifically to drugs useful in the treatment of human filariasis (Singhal et al., 
1969; Singhal et a l , 1972 a, b). However, the adult worm was not affected by 
such treatment (Singhal et al., 1972 a.) 
In an in vitro study (Singhal et al. 1973) continuous perfusion of the worms with 
modified Ringer's solution keeps them alive for over 72 hrs. Addition of drugs 
active in vivo, namely, diethylcarbamazine and acetylarsan causes death of the 
worms within 24 hr at a very high concentration of 750 and 3500 Mg/ml 
respectively, which is unlikely to be available to worms in vivo. 
* Present Address: Department of Pharmacology, S.P. Medical College. Bikaner. 
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A number of groups of drugs were tested for their effect on the movements of 
the adult S. ceivi suspended in modified Ringer's solution in an isolated organ 
bath in order to gain further insight into the nature of the movements. 
Materials and Methods 
Adult S. cervi (Nematode : Filarioidea) were obtained from the peritoneal cavity 
of the freshly slaughtered cattle, and transported to the laboratory in a vacuum 
flask containing modified Ringer's solution (Sing'hal et al., 1973) at 370C. In the 
laboratory, they were given repeated washings with the same solution to free 
them from any extraneous material. A 20 ml capacity isolated organ bath 
containing modified Ringer's solution, maintained at 37'C, was used for suspend-
ing the worm. The posterior end was tied to a hook at the bottom of the bath. 
The anterior end was attached to a frontal writing lever. Air or oxygen was not 
bubbled through the solution as it did not improve the motility of the worm. 
The movements of the worm were recorded on a slow moving drum. At least 
15min were allowed for a worm to settle down before adding a drug. The 
drug was classified as inactive if it did not modify the movements after remaining 
in contact with the worm for 10 minutes. A fresh worm was used to test each 
dose of a drug. 
Results 
Acetylcholine and nicotine caused stimulation of the contractions of S. cervi. 
whereas, pilocarpine and carbachol had no effect. The stimulation produced by 
50 /<ig/ml of ACh was characterised by increase both in tone and amplitude and 
the effect lasted for 10-15 min whereas, in case of nicotine (2.5 ^g/ml) there 
was an increase in tone only and the effect lasted for 45-60 min. The effect of 
ACh is illustrated in the top left record and that of nicotine in the top right record 
of Fig. 1. The stimulation by ACh was not enhanced by previous addition of 
eserine (lO/^g/ml). 
The stimulation produced by ACh and nicotine was not blocked by previous 
addition of atropine (5 mg), d-tubocurarine (5 mg) or hexamethonium (5 mg). 
Addition of adrenaline, noradrenaline, 5-hydroxytryptamine and histamine to the 
bath, caused no change in the movements of the worm. 
The local anaesthetics, procaine and xylocaine (Fig. 1) increased the movements 
of the worm, affecting both tone and amplitude. The effect of xylocaine was of 
much larger duration (over 2 hrs) than that of procaine (about 5 min). The bottom 
records of Fig. 1 illustrate these effects by procaine (left) and xylocaine (right). 
Among the CNS active agents, the stimulants, viz. picrotoxin and strychnine djd 
not affect the movements of the worm up to a concentration of 0.5 mg/ml. Of 
the depressants, pentobarbitone sodium and r-aminobutyric acid (GABA) 
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Flg< 1 Effect of acetylcholine (ACh), nicotine, procaine and xylocalne on 
the movements of Setaria cervl before and after GABA (2 /tg/ml) 
depressed the movements while glycine had no effect. The effect of 50 Mg/ml 
of pentobarbitone sodium (Nembutal) lasted for about 15 min and is illustrated 
in Fig. 2. 
GABA caused a dose-dependent inhibition of the movements. In a concentra-
tion of 100 ng/ml, the amplitude of the movements was appreciably decreased 
(top panel of Fig. 3). The movements were completely abolished in a concen-
tration of 2 /<g/ml and the effect lasted for over 6 hrs (bottom panel of Fig. 3). 
This concentration often produced a variable relaxation in the tone as well. A 
concentration of 5 />g/ml proved lethal to the worm. 
Prior addition of GABA (2 /^g/ml) completely inhibited the stimulant effect of 
acetylcholine, nicotine, procaine and xylocaine (Fig. 1). 
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5 0 /ug/ml 
Fig. 2 Nembutal (50 /xg/ml) causes depression 
of the movements of Selaria cervl 
lasting for 15 minutes. 
Discussion 
The movements of the intact 
Setaria cervi are not affected by 
the presence in the bathing fluid 
of a large number of pharmaco-
logically active agents, including 
adrenaline, noradrenaline, pheno-
xybenzamine, pilocarpine, carba-
chol, eserine, atropine, hexa-
methonium, tubocurarine, 5-HT, 
histamine, glycine, picrotoxin and 
strychnine. ACh and nicotine 
stimulated the movements of the 
worm and the effect was neither 
enhanced by eserine nor blocked 
by atropine, hexamethonium or 
d-tubocurarine. It is possible 
that the impenetrability of some 
of these agents through the intact 
cuticle of the worm may contri-
bute to the lack of their effect. 
ACh has been shown to increase 
the movements of the intact 
Ascaris lumbricoides (Norton 
and De Beer, 1957) and to inhibit 
the movements of the liver fluke 
(Chance and Mansour, 1953). 
Norton and De Beer (1957) have 
further shown that the stimulant 
effect of ACh is antagonized by 
tubocurarine and have, therefore, 
concluded that a cholinergic 
mechanism, similar to the skeletal 
muscle nerve transmission, is 
involved in the movements of 
A. lumbricoides. Bacq (1947) has 
also drawn a similar conclusion 
that ACh is closely connected 
with motor activity among 
vertebrates as well as non-vertebrates. If this concept holds true for 5. cervi 
as well, then the cholinergic mechanism in this worm differs from that in the 
higher animals where cholinergic stimulation can be blocked by specific blocking 
agents; and so, the ACh may only play the role of a "modulatory accelerating 
GABA lOOnO/nH 
Fig. 3 
OABA 2 Ml/nH 
Depressant effect of various closes of 
GABA on the movements of Setaria 
cervi. 
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neurohormone" rather than a chemical transmitter as suggested by Del Castillo, 
et al. (1963) for the A. lumbric&des. 
Both procaine and xylocaine block the peripheral neuromuscular transmission, 
while, acting centrally, procaine stimulates and xylocaine depresses motor activity 
in the higher animals. None of these actions, however, can be used to explain 
the stimulation of movements in the worm by these agents. 
The depressant effect of pentobarbitone sodium on the motor activity of the 
worm can be attributed to a depression of the nervous system or of the smooth 
muscle or of both. GABA caused a dose-dependent depression of the worm 
activity. The relaxation in tone which was variable and not always observed, 
might be attributed to the amount of tone existing in a worm at the time of 
experiment. The magnitude of relaxation appeared to depend on the existing 
tone of the worm. GABA blocked the excitation produced by ACh, nicotine, 
procaine and xylocaine, substances widely differing in chemical structure, thus 
suggesting that the inhibitory action of GABA, though powerful, is a non-specific 
one. This finding supports the suggestion of Del Castillo, et al. (1964) in the 
Ascaris who have attributed the inhibitory effect of GABA on the membrane 
surrounding the neuro-muscular syncitial complex resulting in the suppression of 
spike activity. 
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The class nematoda includes large number of species but only those parasitic on man, 
domestic animals and cultivated plants have been the subjects of study chiefly because of their 
economic importance. Parasitic nematodes infect man and livestook in almost all regions of 
the world but there is a particular abundance of them in tropics-an abundance both in species 
and individuals. This is the result of important climatic and sociological factors. Nematodes 
are essentially aquatic animals living in aqueous media or in films of moisture and they are 
incapable of existing in an active state in the absence of available water. Some species have 
acquired the ability to survive long periods of dry conditions in a shrivelled immobile state, 
reviving to resume full activity under conditions of adequate moisture. But for vast majority 
the absence of available water even for a comparatively short time is fatal. The temperature 
requirements for different families of nematodes during their phase of life cycle outside the 
host, vary widely. However, the minimum temperature at which the development is possible, 
the temperature at which it proceeds at the greatest rate and the optimum temperature for 
different species is different. Besides these, several other factors including soil texture, hydro-
gen ion concentration, osmotic pressure, organic matter etc. influence the population of soil 
transmitted nematodes. 
Nerve-Muscle Anatomy and Pbysiology 
The outer protective cuticular structure of nematodes vary from its virtual absence in 
genus Bradynema (Riding, 1970) in which outer surface of the nematode consists of microvilli 
on the surface of the hypodermis, to multilayered cuticle which provide a protective covering 
(Shepherd et al., 1972) Underneath the cuticle parasitic nematodes have layer of muscles 
consisting of longitudinal flbres. This strip of muscles is divided by longitudinal cords or 
strips into even numbers of two, four, eight or more depending upon the species (Hyman, 
1951). The arrangement of musculature provide contraction only in the anterioposterior 
plane. The waves of contraction and relaxation in opposite dorsal and ventral musculature 
cause serpentine movement in dorsovcntral plane. 
The muscle are not innervated by nerves extending to endplates on the surface of 
muscle cells, instead processes extend from muscles to make synaptic contact at the surface 
of longitudinal nerves or nerve rings. In some nematodes cytoplasmic interconnections 
between muscle chords provide bridges for proper coordination. 
30 
( 59 ) 
The nervous system consists of a ganglionated circumpharyngeal ring with large ventral, 
a small dorsal and two or more lateral nerves running from this nerve-ring along the four 
hypodermal chords. Series of commissures intercormect these longitudinal nerves along the 
length of the nematode. 
Bulbring et al (1949) demonstrated the presence of acetylcholine (Ach) in Trypanosoma 
rhodesiense and its absenc«gnP/«5modi«m gallinaceum. This observation suggested the role of 
Ach in mediating in the mcm^^of the protozoa. The relationship of Ach with motility led to 
its identification in the extract of liverfluke, Fasciola he^atica—The concentration of Ach was 
determined to be as high as 0.16 to 1.7 (Ag/gm wet weight. This is nearly as high as concen-
tration of acetylcholine in mammalian brain (Mc Ilwain, 1959), The same is true for Schis-
tosoma mansoni where the concentration of Ach is high (5 |xg/gm wet weight). Furthermore, 
in the head region of S. mansoni acetylcholinesterase and choline acetylase activities are 2 
and 4 to 5 times higher respectively than in the remainder of the body of parasite (Bueding 
and Bennett, 1972). The nerve ring of Ascaris contains fifteen times more acetylcholine per 
unit weight than strips of body well (Del Castillo, 1969). The acetylcholine.-cholinesterase 
system has been shown to exist in many other nematodes including Ascaris lumbricoides 
(Bueding, 1952; Mellanby, 1955), Litomosoides carinii (Bueding, 1952), Ascaridia galli (Kwaja 
et al., 1973) and Setaria cervi (Singhal et. al 1978). 
Presence of still higher concentration of Acetyluholine (9 ug/G wet weight) has been 
demonstrated in Setoria cervi a filarial nematode of cattle. Further, the presence of Acetyl-
choUne in free and bound form and also the presence of cholinesterase in S. cervi suggests that 
a developed system responsible for its synthesis, storage, release and destruction exist in the 
worm (Singhal et al., 1978). 
One of the most significant advances in the understanding of functining of nematodes 
has been the identification of neurohumors and their role in the regulation of movements of 
the parasite. Acetylcholine has been identified as stimulatory neurohumor in several nema-
tode including Ascaris lumbricoides (Baldwin and Moyle, 1947, 1949), Necator americanus 
(del Castillo 1969), Litomosoides carinii & microfilaria of Dirofilaria repens (Mellanby, 1955), 
Setaria cervi (Singhal et al , 1978), Ascaridia galli (Khwaja et al., 1963) and infective larvae of 
Haemonchus contortus. The role of Acetylcholine is specific and it helps in maintaining and 
localizing in the parasite in its environment. 
del Castillo et al. (1953) attributed acetylcholine a regulatory role and termed it as 
modulatory accelerating neurohormone. The nerve cord and associated syncytium form a 
complex through which individual muscle cells are interconnected. Ach depolarizes the ' 
membrane surronding the syncytial region of the cells. 
Acetylcholine (2 to 10 (^ g/ml) causes contraction of the Ascaris muscle and this 
response is block«d by piperazine. The myoneural blocking effect of piperazine is competi-
tively reversed by Ach. On the other hand d-tubocurarine has a relatively weak 
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neuromusculai blocking activity on Ascaris muscle and piperazine has virtually no blocking 
effect upon mammalian skeleon muscle. This selective action accounts for its lack of toxicity 
in mammalian host (Norton and de Bear, 1967). 
Parasitic helminths and their developmental stages exhibit coordinated rhythmical 
movements. These movements help the organisms to locate and maintain themselves in 
their habitat. These movements are regulated by a set of neurohumors. 
Acetylcholine is an important chemical transmitter in the nervous system of probably 
all motile animals. The first observation indicating the presance of Ach in invertebrates was 
made by Bacq (1935). Pharmacological evidence indicates that Ach is stimulatory in all 
nematodes and inhibitory neurotransmitter in schistosoma mansoni, Fasciola hepatica and 
possibly in other trematodes (Chance and Mansour, 1953; Barker et al., 196$). Several 
methods have been employed to observe and assess the effects of neurohumors on nematodes. 
Initial efforts were confined to study the effect of drugs on worms suspended in solution 
(Lamson, Brown, Ward 1930). On this basis the effects were classified into I) Temporary 
narcosis or paralysis followed by recovery 2) Narcosis or paralysis followed by death 3) injury 
to the cuticle 4) digestion of parasite 5) unexplained death (Lamson and Brown, 1932). 
Norton and de Beer (1957) suggested an improvement in in-vitro testing the effect of 
drugs and used anterior half (three inch segment) and electrical stimulation of anterior half 
minus tip besides the use of whole worm of Ascaris lumbricoides. The main problem of 
recording the movement of whole worm is that of harnessing them to the recording lever in 
such a way that the cuticle is not damaged by stiches, the alimentry canal is not constricted 
by ligatures and the movements of the worm are unimpeded. Goodwin (1963) devised a 
suitable method in which worm is introduced into a fine nylon stocking r.nd the movements of 
the worm are recorded. 
In above methods cuticle of the worm presents a barrier. Drugs which find it dilficult 
to cross cuticular barrier fail to modify movements of the worm. 
Effect of Drugs on Whole Worm Preparation of Setaria Cervi : 
Seiana cervi has been suggested as a simple, economical and quicke tool for screening 
potential antifilarial agents (Singhal et al 1969, 1972a, b). Singhal et al ( ) were the first to 
record the movements of a filarial nematode parasite Setaria cervi in an isolated organ bath. 
The spontaneous movements of the worm were increased by acetylcholine and nicotine 
whereas pilocarpine and carbachol had no effect. The stimulation produced by acetylcholine 
and nicotine was not blocked by previous addition of atropine, d-tubocurarine or hexametho-
nlum. Addition of adrenaline, noradrenaline, 5-hydroxytryptamine and histamine to the bath 
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caused no change in the movement of the worm. Among the CNS active agents, the stimul-
ants, namely picrotoxin and strychnine failed to modify the movements. Of the depressents, 
pentobarbitone sodium and GABA depressed the movements while glycine had no effect. 
Prior addition of GABA (2 ii-g/ml) completely inhibited the stimulant effect of acetylcholine, 
nicotine procaine and xylocaine. 
Effect of drugs on the Spontaneous movements of nerve muscle preparaticn : 
The cuticula, subcuticula and musculature collectively constitute the body wall in S. 
cervi. The cuticula is eight layered and its thickness varies from 2.7 (x in various regions of 
the body. The subcuticula is a syncytial layer made up of fine sheet of protoplasm containing 
granular substance and ranging from 5-16 (i in thickness. A drug added to the bathing fluid 
has thus to cross the cuticle and the subcuticula to reach the underlying layer of muscular 
cells. It was thought that these muscle cells and fibrillar cytoplasmic processes connecting 
the cells with nerves are the sites of action of action of drugs affecting the nerve-muscle 
complex, once they have crossed the cuticular and sub-cuticular barrier. The permeability 
barrier of the cuticula and sub-cuticula was eliminated in the following manner (Singhal et al., 
1975). 
Two mounted dissecting needles were inserted into the worm, the cuticle was torn apart 
in one smooth longitudinal section. The intestine and the uterus were severed at both ends 
and gently pulled out. The anterior 1/2 inch of the worm was cut off to eliminate the influe-
nce of the nerve ring and the cephalic ganglia. Tte remaining part was tied at either end and 
suspended in an isolated organ bath containing modified Ringer's solution at 37»C. This pre-
paration has been termed as "nerve-muscle preparation". The preparation includes the cuticle 
and the sub cuticula which have been split apart and no longer present a permeability barrier 
to the drugs added to the bath. The spontaneous rhythmical movements of the nerve-muscle 
preparation were recorded on a slow moving kymograph. At least fifteen minutes were 
allowed for the preparation to stabilize before adding a drug. The drug was classified as 
inactive if it did not modify the muscle contractions afcer remaining in contact for 15 minutes. 
Pharmacology of the Neuromuscular System : 
The nerve-muscle preparation of S. cervi was much more responsive to acetylcholine 
than the whole worm, reacting to 10,000 times less concentration than the latter. Besides, a 
qualitative change in the response to acetylcholine appeared at relatively higher dose level. 
Thus whQe a dose as high as 50 (ig/ml produced contraction in the whole worm preparation a 
concentration of 50 ng/ml resulted in a biphasic response in the nerve-muscle preparaticn. 
The latter response consisted of an initial contraction followed by relaxation. Increasing the 
dose of acetylcholine resulted in enhancement of both of these responses. These findings 
not only demonstrate the effectiveness of a cuticular barrier in the whole worm but also show 
similarity in the effects of depolarising agents on nerve-muscle preparation of S. cervi and 
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mammalian skeletal nerve-muscle preparation. The nerve-muscle preparation of A. lumbri-
coides is stimulated by acetylcholine (Baldwin and Moyle, 1947 and 1949) and there is no 
subsequent paralysis. On the other band, the rhythmical movements of whole worm and 
the degangliated preparation of liver fluke, F. hepatica, are inhibited by acetylcholine (Chance 
and Mansour, 1953). These differences in response to acetylcholine of different worms clearly 
indicate differences in the nature of choUnergic receptors among parasitic helminthic. Not 
only the differences exist between nematode and trematode but also amongst nematodes. It 
is not surprising since the habitat of Ascaris and Setada differ widely from each other. 
Acetylcholine response is not blocked by atropine in Ascaris (Baldwin and Moyle, 1947, 1949) 
as well as in Se/ar/fl, D-tubocurarine blocked it only partially in Sttaria and completely in 
Ascaris (Baldwin and Moyle, 1949; Norton and de Beer, 1957). Both atropine and curare 
block the acetylcholine response only partially in the F. hepatica (Chance and Mansour, 
1953). These differences suggest that the mechanim of cholinergic activation is different in 
the three helminths although the neurohumor is the same. 
5-Hydroxytryptamine has been shown to be ineffective against Ascaris preparation 
(Baldwin and Moyle, 1949), while it causes stimulation of the rhythmical movements of 
F. h-'patica{}A^ns,om, 1957). The effect of 5-HT in the nerve-muscle preparation of S cervi 
again shows the effectiveness of the cuticular barrier. Thus, while being totally unable to 
penetrate the cuticle in the whole worm consequently showing no effect upto a concentration 
of 500 (jig/ml. 5-HT inhibited the movements of nerve-muscle preparation in concentration as 
low as 500 pcg/ral. 'This-fiading suggests the existence of inhibitory tryptaminergic receptors 
in S. cervi. However, these receptors are different from classical mammalian receptors in 
that they are neither blocked by methisergide nor by morphine. 
Carbachol which was found ineffective in modifying the movements of the whole 
worm exhibited a qualitative similarity with the effect of acetylcholine as observed on nerve-
muscle preparation. Although the response is similar in nature, the dose of carbachol required 
to produce an equivalent effect was relatively high. The initial phase of stimulation, as 
observed with acetylcholine was partially blocked by prior addition of d-tubocurarine to the 
bath fluid thus exhibiting similarity in the nature of receptors on which these two drugs act. 
The lack of effect of carbachol on the whole worm can be attributed to its inability to cross 
the cuticular barrier. 
The stimulant effect exhibited both by acetylcholine and carbachol on the nerve-muscle 
preparation was absent with nicotine. This suggest that acetylcholine and carbachol act both 
on muscarinic as well as on nicotinic receptors. The initial stimultion caused by them is due 
to the excitation of muscarinic receptors. The findings that this is partially blocked by 
d-tubocurarine, a nicotinic blocking agent, may be a non specific effect of the blocker as the 
dose required is relatively high. These observations indicate the presence of cholinergic 
receptors diflFerent from those observed in mammalian tissues. 
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The knowledge acquired related to the role of neurohumors in nematodes offers an 
opportunity to study the behaviour of the worm in and outside the host and to design strategy 
for the eflfective control of nematodes. Drugs which can gain access to the parasite while in 
body of the host and are capable of selectively either blocking, potentiaining Ach response 
or potentiating 5 HT response or interfering with any of the essential biochemical pathways, 
of metabolism are more likely to be of value as potential anthelmintics. Although not inves-
tigated on these lines, many of the successful drugs in use for the treatment of nematode 
infestations including piperazine, Bephenium, tetramisole, levamisole, pyrantel pamoate and 
others acts by interfering with the cholinergic system of the parasites. 
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The cuticular permeability barrier of the adult Setaria cervi was eliminated by splitt-
ing the worm longitudinally and removing the intestine and the uterus. Anterior 1/2' 
of the worm was cut off to abolish the influence of superior cervical ganglion. In this 
preparation the effective concentration ofACh, nicotine and GAB A were reduced and the 
preparation became responsive to carbachol and 5-HT. Acetylcholine which caused 
only stimulation in the intact worm, produced a biphasic response, stimulation followed 
by depression in the nerve-muscle complex. Carbachol produced a similar biphasic 
effect and nicotine only the depressant phase. The initial stimulant effect was partially 
antagonized by large doses of tubocurarine, but not by atropine and hexamethonium, 
suggesting some similarity of the receptors to those present in the mammalian 
skeletal myoneural junctioiL It is suggested that acetylcholine may play a role of 
excitatory neurotransmitter. The extremely high sensitivity of the preparation to 5-HT 
suggests that this agent might be an inhibitory neurotransmitter for the worm 
movements. The S-HT receptors on tbe worm are not blocked by methysergide and 
morphine and so ate different from those in the mammal. The effective concentration or 
actions of GABA were not appreciably different from those obtained in the intact 
worm. The substance appears to act as a non-specific depressent of the worm 
movements. 
Most parasitic helminths exhibit fast and well coordinated rhythmical movements. 
These movements help the organism to locate and maintain themselves in the host. 
Evidence has collected that neurohumors play a significant role in regulating the worm 
movements. Amongst nematodes the role of neurohumors has been the subject of 
interest only with regard to lumen dwelling parasites. No significant work has been 
carried out with tissue dwelling nematodes. Difficulties encountered in procuring worms 
in sufficient numbers for this type of studies may partly be responsible for lack of 
knowledge in this field. It has recently been shown in this laboratory that the cattle 
filarial worm Setaria cervi can be used for screening potential antifilarial agents by 
using the rat*'2 or the dog^ as a host. This worm exhibits vigorous rhythmical move-
ments which can be recorded on a kymograph by suspending the worm in an isolated 
organ bath. The movements are stimulated by acetylcholine, nicotine, procaine and 
xylocaine, inhibited by pentobarbitone and GABA and are not modified by adrenaline, 
noradrenaline, pilocarpine, histamine, and 5-HT, when added to the bathing fluid*. 
Present address : Department of Pharmacology, S.P. Medical College, Bikaner. 
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2 Nerverinuscle complex in Setaria cerri, 
Since in the intact worm the cuticle presents a barrier, it is possible that some of 
these drugs might not have crossed to act on the nerve-muscle complex. A decuticled 
eviscerated preparation was therefore, designed and the effect of some neurohumors 
and related substances studied. 
Material and Methods 
In order to eliminate the permeability barrier of the cuticula and subcuticula, 
adult S. cerri were picked up from the peritoneal cavity of the freshly slaughtered cattle 
and brought to the laboratory' in modified Ringer's solution maintained at 37°C. 
A worm was placed in a petri dish containing modified Ringer's solution (37°C). Two 
dissecting needles were inserted into the worm at one end and the cuticle was spUt 
longitudinally apart in one smooth stroke. The intestine and the uterus were severed 
at both ends and gently pulled out. TJie anterior | inch of the worm was cut off to 
eliminate the influence of the nerve ring and the cephalic ganglia. The remaining part 
was tied at either end and suspended in an isolated organ bath, containing modified 
Ringer's solution at 37°C. This decuticled eviscerated preparation served to expose 
the nerve-muscle complex directly to the action of drugs, and also could exhibit spon-
taneous rhythmical movements similar to those of the intact worm. 
At least fifteen minutes were allowed for the preparation to stabilize before ex-
posing it to the action of drugs. A drug was classified as inactive if it did not modify 
the muscle contractions after remaining in contact for 15 minutes. A fresh preparation 
was used to test each dose of a drug even when a test substance had no effect. 
Results 
Fig. 1 (Plate XXXIII) shows the effect of acetylcholine on the spontaneous 
contractions of the nerve-muscle complex. There was an increase in tone and a slight 
decrease in the amplitude immediately following the addition of 5 ng./ml. acetylcholine 
(upper record). About 2 minutes later, the amplitude started increasing. Both contrac-
tion and relaxation became more pronounced. This phase of increased amplitude 
lasted for about 5 minutes. The amplitude and the tone then began to diminish till 
after another 5 minutes they were below the original level. Recovery to the original 
level could be brought about by repeated changes of the bath fluid. The frequency of 
spontaneous contractions was not altered at this dose level of acetylcholine. When the 
dose of acetylcholine was increased to 50 ng./ml. the duration of stimulation was 
markedly reduced. The initial rise in tone was more pronounced than with the smaller 
dose and lasted about a minute. The contraction then became smaller and less frequent 
and were accompanied by a gradual decline in the tone. The second phase of enhanced 
amplitude, seen at the lower dose, was now absent. The movements ceased entirely 
after about 30 minutes. Changing the bath fluid several times did not bring back the 
movements, 
Eserine, atropine, hexamethonium and d-tubocurarine did not affect the spon-
taneous movements of the nerve-muscle complex. Also, prior application of eserine. 
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Fig. 1. Effect of acetylcholine on the spontaneous movements of the nerve-muscle 
complex of S. cervi. 
Fig. 2. Effect of carbachol on the spontaneous movements of the nerve-muscle 
complex of 5. cervL 
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Fig. 3. Effect of nicotine on the spontaneous movements of the nerve-muscle 
complex of S. cervi. 
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Fig. 4. Effect of 5-HT on the spontaneous movements of the nerve-muscle 
complex of S. cervi. 
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Fig. S. Effect of GABA on the spontaneous movemento of the nerve-musde 
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atropine or hexamethonium to the bath neither potentiated nor blocked the acetylcho-
line response. However, d-tubocurarine, in relatively high doses (250 ng./ml.), 
partially blocked the initial stimulant phase of acetylcholine response. 
Carbachol, like acetylcholine, produced a biphasic response consisting of initial 
short-lived stimulant phase followed by a long-lasting depression. In the stimulant 
phase, Jiowever, the increase in amplitude of contractions characteristic of acetylcholine 
response was not always observed. Both phases were dose-dependent. Fig. 2 (Plate 
XXXIII) shows a minimal response to a 50 ng./ml. concentration; with 250 ng./ml. 
carbachol, recovery from the depressant phase did not occur. Again, as in the case 
of acetylcholine, the stimulant response was only partially blocked by d-tubocurarine. 
Fig. 3 (Plate XXXIII) shows the effect of nicbtine on the spontaneous contractions of 
nerve-muscle complex. Unlike acetylcholine and carbachol, it produced only depression 
of the spontaneous contractions. In addition, the depression was irreversible. 
Increasing the concentration from 5 ng. to 50 ng./ml. brought about a greater loss of 
tone and more rapid onset of paralysis. 
The response of the nerve-muscle complex to various concentrations of 5-HT 
and the effect of methysergide pretreatment are shown in Fig. 4 (Plate XXXFV). In a 
concentration of 500 peg./ml., 5-HT produced a depression in tone and amplitude of 
contractions lasting from 5 to 10 minutes (Fig. 4c, Plate XXXIV). The depression 
produced by 50 ng./ml., although not complete, continued beyond 6 hours (Fig. 46, 
Plate XXXIV). In a still higher concentration of 250 ng./ml., 5-HT greatly reduced 
the tons and amplitude of contractions (Fig. 4c, Plate XXXIV). The paralysis was 
complete in about an hour and was irreversible. The eflfect of 5-HT could not be 
modified by pretreatment with methysergide and morphine, agents which block the 
tryptaminergic receptor (Fig. 4</, Plate XXXIV). 
GABA caused a dose dependent inhibition of the movements of the nerve-muscle 
complex. In a concentration of 50 ng./ml. the amplitude of the movements was 
appreciably decreased (Fig. 5a, Plate XXXV). The movements were completely 
abolished in a concentration of 1 \ig./m\. along with relaxation in the tone (Fig. 5b, 
Plate XXXV). The effect lasted for about 6 hours (Fig. 5c, Plate XXXV). Higher 
concentrations proved lethal to the worm. 
Adrenaline, noradrenaline and isoprenaline and their blocking agents, viz., priscol 
and propranolol were without any effect on the spontaneous contractions of the nerve-
muscle complex. 
The cuticle of S. cervi offers permeability barrier to drugs present in the bathing 
fluid. The barrier is absolute for carbachol and 5-HT, which had no eflfect in the 
intact worm^ and is limited for ACh whose eflFective concentration was reduced from 
50 ^g./ml. in the intact worm to 50 ng./ml. in the nerve-muscle complex. The greater 
4? 
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penetrability of ACh in the decuticled worm led to an unmasking of the second 
depressant phase which was not encountered in the intact worm. 
The cuticle offered an absolute permeability barrier to nicotine since the depressant 
response characteristic in the nerve-muscle complex could not be obtained in the 
intact worm at any dose level*. The cuticle itself can serve as the site of action of the 
drug. This is shown by the fact that stimulation of the spontaneous movements ofthe 
intact worm could not be reproduced in the nerve-muscle complex at any concentration 
of the drug. 
The biphasic response of acetylchoUne observed with very low concentration in the 
nerve-muscle complex resembles that obtained in the mammalian skeletal myoneural 
junction, suggesting that the receptors involved are nicotinic in nature. This is further 
supported by the findings that pilocarpine, a muscarinic agent, was without any effect 
while carbachol, predominantly a nicotinic agent, produces a response similar to that 
observed with acetylcholine. However, a very high concentration of d-tubocurarine 
(250 )ig./ml.) could block the initial stimulant phase of the acetylchoUne response. 
Differences in the nature of cholinergic receptors are to be found even amongst parasitic 
helminths. Thus, the nerve-muscle preparation of Ascaris lumbricoides is stimulated^-'' 
andthat of the F<Mc/o/a/ie/?anca depressed* by acetylchoUne. Acetylcholine response 
is not blocked by atropine in Ascaris^'', as weU as in Setaria. D-tubocurarine blocks 
the acetylchoUne response completely in the Ascaris but partially in Setaria. Both 
atropine and curare block the acetylcholine response only partially in F. hepaticcfi 
It is suggested that acetylchoUne is involved in the regulation of motor activity of 
S. cervi as it is in A. lumbricoides^ and F. hepaticcfi, although the nature of cholinergic 
activation is somewhat different in the three helminths. This wiU have to be confirmed 
by further studies for determining the existence of means of synthesis and removal 
of acetylchoUne in the worm. 
5-hydroxytryptamine has been shown to be ineffective against Ascaris prepaia-
tion', while it causes stimulation of the rhythmical movements of F. hepatica^^. The 
substance is a powerful inhibitor of the movements in the nerve-muscle preparation of 
5. cervi, being effective in as low a concentration as 500 pcg./ml. It is likely that 5-HT 
plays the role of an inhibitory neurohumour in the worm. The absolute permeability 
barrier offered by the cuticle to 5-HT is essential as it protects the worm from the outside 
influence of a substance so widely distributed in the host tissues. However, the trypta-
mnergic receptors in S. cervi differ from those found in the mammalian tissues as these 
are not blocked by methysergide or morphine. 
The wide spectrum of its activity to antagonize the stimulant effects of ACh, 
nicotine picrotoxin, strychnine, procaine and xylocaine and its capacity to pass freely 
across the cuticle, the effective concentration in the nerve-muscle complex being only 
half that in the intact worm, suggest that GABA is not a likely inhibitory mediator in 
Setaria. As suggested earUer GABA probably exerts a nonspecific inhibitory effect in 
the worm probably similar to that demonstrated in the Ascaris by Del Castillo and 
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associates'^ who attributed its effects to an enhanced permeability of the muscle 
membrane to the chloride ions. 
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ACETYLCHOLINE : A POSSIBLE NEUROTRANSMITTER IN SET ARIA CERVI 
K.C. SiNGHAL, N. ZEHRA, U. SJNGHAI, AND P.N. SAXENA 
Department of Pharmacology, Jawaharlal Nehru Medical College, 
Aligarh Muslim University, Aligarh-202001 
Summary: • The total and free acetylcholine (Ach) and cholinesterase (CHE) content of adult Setaria 
cervi were estimated. The Ach was estimated by bioassay on rectus abdominis muscle of frog and the 
CHE by measuring the drop in pH following incubation of worm homogenate with Ach chloride. 
The free and total Ach contents (4.0±0.57 and 6.0^0.48 \ig!g wet weight of worms respectively) 
were as high as found in mammalian brain cortex. The cholinesterase activity was found to be S.S7± 
0.6units/gwet weight ofworms.lt is possible that there may exist a well developed system responsible 
for the synthesis, storage, release and destruction of Ach and that Ach may be acting as an excitatory 
neurohormone in S. cervi. 
Keywords: acetylcholine cholinesterase neurotransmitter Setaria cervi 
INTRODUCTION 
Rats implanted intraperitoneaily with adult Setaria cervi have been found suitable for 
screening potential antifilarial agents (13, 16). The antifilarial efficacy of presently available 
drugs including diethylcarbamazine is largely confined to the microfilariae and the adult worms 
enjoy the hospitality of the host uaaffected(1,6,8). Tofind a drug which could Idii the adult worms 
as well, it is necessary to understand the factors responsible for the regulation of their motility. 
In our earlier studies we observed that 0.5 x 10~* g/L acetylcholine (Ach) causes stimulation of the 
whole worm and the nerve-muscle preparation of Setaria cervi (14, 15). The efifectiveness of 
Ach in such low concentration prompted the present investigators to explore the possible 
existence of a natural cholinergic system responsible for the motility in the worm. 
MATERIALS AND METHODS 
Adult S. cervi were obtained from the peritoneal cavity of the freshly slaughtered Indian 
water buffalo {Bubalus bubalis Linn.) at the slaughter house and transported to the laboratory in 
a vacuum flask containing "modified Ringer solution" at iTC (17). 
Estimation of acetylcholine : 
Fifty worms were weighed wet (average weight 38 ± 5 mf/worm) and placed inice cold modified 
Ringer solution containing physostigmine sulphate (1.5 x KT* g/m/) and were homogenised for 
the preparation of 10% homogenate which was divided in two equal portions. One part waSi 
centrifuged at 3000 x G for 10 min and the supernatant immediately thereafter assayed for free 
Ach. The other portion of the homogenate was acidified with 0.5 M HCl to pH 3-4 and placed for 
2 min in boiling water. After neutralization with 0.5 M NaOH, the supernatant was assayed for 
total Ach content. 
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The bioassay was carried out on the rectus abdominis muscle of frog (4). PhysosUgmine 
(1 X 10"^  g/ntl) was added to the bathing fluid to increase the sensitivity of the preparation. Three 
point assay was carried out to determine the concentration of Ach. At the end of each experiment 
d-tubocurarine (1 x KT* g/ml) was added to the bath to confirm the specificity. 
Estimation of cliolinestera.se : 
Groups of 40 adult S. cerri were weighed wet and incubated in 100 m/ o( "modified Ringer 
solution" at 37'C in a BOD incubator. After 2 hr of incubation groups of worms were transferred 
to 10 m/ phosphate buflered saline (pH 7.4) in a tissue homogeniser surrounded by ice and homo-
genised for about 10 min. The resulting homogenate was centiifuged at 6000 x G for 30 min. The 
concentration of cholinesterase was determined by electrically measuring the drop in pH (A pH) 
following incubation with Ach chloride at 25*C for 1 hr by the method described by Henry (7). 
Bovine erythrocyte type I cholinesterase (Sigma) was used as standard. 
RESULTS 
The results of the present study are summarized in Table I. 
Table I: Concentratioos of acetylcholine and cholinesterase in Setaria cervi. 
Number of experiments Concentrationlg wet weight of worms 
(\i.g or uniiSi^S.E.) 
Acetylcholine 
ToUl 
Free 
Cholinesterase 
The two homogenates prepared to estimate free and total Ach content caused contraction 
of frog rectus abdominis muscle which could be blocked by d-tubocurarine (1 x IGr* g/ml). The 
amounts of free and total Ach contents were 4.0 and 6.0 fig/g wet weight of worms. 
The acetylcholinesterase activity in S. cervi was found to be 5.57 units/g of wet weight. 
DISCUSSION 
Most parasitic helminths exhibit vigorous rhythmical movements. These movements help 
the organism to maintain and locate itself inside the host. The first observation that Ach may be of 
functional significance was made by Bulbring et al. (3). They demonstrated the presence of Ach 
in motile Trypanosoma rhodesiense and its absence in non-motile Plasmodium gallinaceum. 
Pharmacological evidence indicates that Ach is an excitatory neuromuscular transmitter in Ascaris 
lumbricoides (5, 12) and S. cervi (14, 15) and possibly other nematodes. 
10 
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6.0 ±0.48 
4J0 ±0.57 
5.57±0.6 
46 
Volume 22 
Number 1 Cholinergic Transmission in Setarta Cervi 73 
The presence of Ach in high concentrations and of cholinesterase suggest that a system for 
synthesis and hydrolysis of Ach may exist in 5. cervi. The concentration of Ach (4 and 6 (i^lg wet 
weight as free and total Ach content respectively) is of the same order of magnitude as that of the 
grey matter of mammalian brain cortex (II). The presence of Ach in both free as well as in bound 
form in S. cervi suggests that a developed system responsible for its synthesis, storage, release and 
destruction may exist in the worm. The Ach-cholinesterase system has been shown to exist in many 
other nematodes including A. lumbricoides (2, 10), Litomosoides carini (2) and Ascaridia galli (9). 
fhe presence of Ach-cholinesterase system tempts us to assign Ach the role of neurotransmitter in 
nematodes. 
While the cholinergic receptors of 5. cervi exhibit some similarity with those of mammalian 
myoneural junction, their responses also suggest differences with pharmacologically defined choli-
noceptive mammalian receptors (14, 15). For example, in contrast to cholinergically innervated 
effector organs of vertebrates the motor activity of S. cervi is not affected by pilocarpine and the 
response to nicotine is different. On the nerve muscle preparation of Setaria, nicotine, at any dose 
level, causes only relaxa 'on followed by irreversible paralysis (13) while on mammalian myoneural 
junction the effect of nicotine is biphasic in nature characterized by initial stimulation followed by 
paralysis. The differences ccur not only among various phyla of helminths but also among various 
species of these ot gr. nisms. The differences may be evident not only by the presence or absence of a 
certain physiological system but also by the functional role played by it in the parasite. To achieve 
the goal of a rational chemotherapy of parasitic helminths more important approach would be to 
find areas where the role of the neurotransmitter differs in parasite with that in the host. These 
differences, which are not uncomm )n to find, are likely to form the basis of differential chemo-
therapy. In the present context because of the difference in the response of choiinoceptive recepton 
of the host and Setaria there is, atleast, theoietically a possibility for designing cholinergic blocking 
agents which are selective to parasite. 
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IDENTIFICATION OF VOLTAGE-SENSITIVE CALCIUM CHANNELS 
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Abstract: Whole worm of Setaria cervi and its nerve muscle preparation exhibit 
rhythmical movements when suspended in modified Ringer's solution in an 
isolated organ bath. Deprivation of calcium.from the bathing fluid results in 
gradual reduction in the amplitude and rate of contraction till the movements 
ceased completely. Similar results were obtained by adding EDTA (5 pg/ml) to 
the bath. The effect was concentration related and was evident early with higher 
concentration of EDTA. Acetylcholine which increases spontaneous movements 
of the whole worm as well as N.M. preparation failed to do so when the 
movements were inhibited either in calcium free solution or in the presence of 
EDTA. Addition of calcium channel blocker. Nifedipine to the bathing fluid also 
resulted in concentration related reduction of movements of the preparation of 
Setaria. Further, the stimulant response of Ach was also reduced by Nifedipine 
and this too was related to the concentration of calcium channel blocker in the 
bath. The evidence clearly indicates that presence of calcium is essential for the 
stimulant response of Ach on S. cervi, which like mammalian tissues contain 
calcium channels that can be blocked by specific blocking agents. 
The abbriviations for Acetylcholine (Ach), Calcium channel blocker 
(CCB), Nerve muscle preparation (n.m. preparation). 
Key words: calcium channel nifedipine acetylcholine movement 
INTRODUCTION 
Setaria cervi, cosmopolitan nematode parasite of 
cattle resembles closely to human filarial worms in its 
response to drugs and can therefore be used for the 
screening of potential antifilarial agents (1, 2). 
Setaria exhibits vigorous rhythmical movements 
which can be recorded on a kymograph by suspending 
the worm in an isolated organ bath. Also a nerve-
muscle preparation of the worm exhibits similar 
movements (3). 
However, the sensitivity of the nerve-muscle 
preparation to drugs is very high as compared to the 
whole worm (3). 
Acetylcholine causes stimulation of the movements 
of whole worm as well as n.m. preparation while 5-HT 
and GABA decreases the movements. Further the 
presence of Ach and Cholinesterase has also been 
shown in the parasite (4). 
Modified Ringer's solution in which worms were 
brought from the slaughter house to the laboratory 
which is also used as bathing fluid in isolated organ 
bath contains calcium. Deprivation of calcium from 
modified Ringers solution results in inhibition of 
movements and consequently reduction survival time 
of Setaria. This prompted the investigations to find out 
whether S. cervi, like mammalian tissues contain 
calcium channels, and these channels, if present, can 
be blocked by known calcium channel blocking agents. 
Further an attempt has been made to find out correlation 
'Corresponding Author 
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between the stimulant effect of excitatory neurohumor 
acetylcholine with the availability of calcium fluid. 
METHODS 
Adult 5. cervi were obtained from peritoneal cavity 
of the freshly slaughtered cattle (Bubalis bubalus Linn.) 
and brought to the laboratory in modified Ringer's 
solution maintained at 37°C. In the laboratory the 
worms were repeatedly washed with the same solution 
to free them from any extraneous material. 
Nerve-Muscle preparation: A worm was placed in 
a petridish containing modified Ringer's solution. Two 
dissecting needles were inserted at one end of the 
worm, the cuticle was split longitudinally apart in one 
stroke. The anterior Vi" of the worm was cut off to 
eliminate the influence of the nerve ring and the 
cephalic ganglia. The remaining constituted essentially 
the nerve-muscle preparation which was tied at both 
ends and suspended in the isolated organ bath 
containing modified Ringer's solution (without calcium 
chloride). Aeration was not required as it does not 
improve the motility of the worm. The anterior end 
was attached to the frontal writing lever. After about 
IS min when the preparation was stabilized to elicit 
spontaneous uniform movements, the drugs were added 
to the organ bath so as to act directly on N.M. 
complex. 
RESULTS 
The N.M. preparation of S. cervi when suspended 
in isolated organ bath contaning modified Ringer's 
solution exhibits spontaneous movements which 
continues for more than 6 hrs. Further, the preparation 
responds to the addition of Ach to the bathing fluid by 
stimulation characterised by increase in tone and 
amplitude of contractions. 
It was observed that n.m. preparation of 5. cervi 
when suspended in an isolated organ bath containing 
Cell membrane 
IL 
CAMPV^K^P 
^j—*- Ca**-»MV0PLASM5j©^Ji»Ca 
receptor 
protlen 
Sarcoplasmic 
membrane 
RECEPTOR 
PROTIEN COMPLEX 
,, Activates 
MYOSIN 
i 
SR Lumen 
CONTRACTION 
PROCESS 
Fig. I : Model of calcium channels in cell membrane and sarcoplasmic reticulum of Selaria cervi 
with release of calcium for contraction process. 
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calcium free modified Ringer's solution showed a 
gradual reduction in spontaneous motlity. This 
reduction in spontaneous motility. This reduction in 
movements was reversed by addition of calcium 
chloride to the bath fluid. The n.m.preparation bathed 
in calcium free modified Ringer's solution fails to 
respond to not only usual concentration of Ach (10 (ig/ 
ml) but to very high concentrations as well (1000 |ig/ 
ml) (Fig. 2). 
ACK 10/19 
Ach. iqu9 AdvlOQugAchlOOQug 
Fig. 2: Effect of Acetylcholine on spontaneous motility 
of nerve muscle preparation of S. cervi (above). 
Effect of Acetylcholine on nerve muscle preparation in a 
calcium free solution on nerve muscle preparation of 
S. cervi (below). 
In another set of experiments, addition of EDTA 
(S (ig/ml) to the bath fluid resulted in gradual reduction 
in the motility of spontaneous of movements of n.m. 
preparation of S. cervi. This response was similar to 
that observed when the n.m. preparation was suspended 
in calcium free modified Ringer's solution. However, 
the response with EDTA was delayed in onset. The 
response to EDTA was concentration related. Further 
addition of higher concentration EDTA (30 ^g/inl) 
resulted in complete cessation of spontaneous 
movements which was evident within 5 min of its 
addition to the bathing fluid. The inhibition movements 
brought about by addition of EDTA was irreversible 
as repeated washings with the bathing fluid failed to 
restore the motility. 
Addition of Kcl to the bathing fluid when the 
movements were still inhibited fluid when the 
movements were still inhibited by the effect of EDTA, 
resulted in short-lasting restoration of the spontaneous 
movements of n.m. preparation charecterised by 
increased in tone, amplitude and rate of contractions 
(Fig.3). 
Min. 
Mm 
EDTA lO^g 
Fig.3: Effect of EDTA and addition of Potassium Chloride in the 
calcium free solution on nerve muscle preparation of 
S. cervi. 
Effect of calcium blocker. Nifedipine on the 
response of acetylcholine: Addition of Acetylcholine 
to the bathing fluid causes increase in the spontaneous 
motility of the nerve-muscle preparation of Setaria 
cervi. The stimulation is characterised by increase in 
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tone, rate and amplitude (Fig. 2). Prior addition of 
Nifedipine 10 ^g to the bath inhibited the stimulant 
effect (Fig. 4). With further increase in the 
concentration of Nifedipine (IS pg), the effect was 
more marked and thus was concentration related 
(Fig. 4). When the concentration of Nifedipine was 
further increased to 20 pg/ml, the stimulant effect of 
Acetylcholine was completely blocked (Fig. 4). 
NIQvt tt»t.tl)f^ 
Fig. 4: Nerve muscle preparation of 5. cemi showing the inihibitory 
response of Nifedipine on Acetylcholine in a concentration 
related effect. 
DISCUSSION 
Experimental evidence obtained from varieties of 
tissues has established the role of calcium as a link in 
"Stimulus secretion coupling". The physiological 
contraction of skeletal and smooth muscles is elicited 
by calcium released from the sarcoplasmic reticulum 
(S) or by the presence of extrinsic calcium when such 
evidence is sought from a tissue in bathing fluid 
containing calcium.. The absence of calcium exert an 
inhibitory effect on actin so that actin myosin 
interaction is prevented (6). 
The somatic longitudinal musculature of S. cervi, 
the subject of this experiment is also innervated by 
processes and possess synapse and muscle end plate, 
though not identical with other animals (Lee and 
Atkinson). S cervi exhibit spontaneous rhythmical 
contactions when kept in modified Ringer's solution at 
37»C (2). 
This solution contains calcium chloride. But when 
calcium was depleted from the solution, the movements 
were affected prominently i.e. gradual reduction of 
amplitude and rate of contraction. This indicates the 
necessity of presence and role of calcium in contraction 
process. It is generally accepted that calcium in the 
cell serve two functions viz. i) carry charge resulting 
in depolarization and ii) calcium influx can serve as an 
intracellular messenger. So this depression in 
contraction may be due to absence of extracellular 
calcium. This point can be clarified more emphatically 
by adding EDTA (7) in the presence of CaCl^  in 
modified Ringer's solution. Suspended in modified 
Ringer's solution from which calcium was not 
deleted, nerve-muscle preparation of 5. cervi 
continued to exhibit rhythmical spontaneous motility, 
whereby addition of EDTA reduced the sponta-
neous movement leading to complete reversible 
paralysis. 
Next comes the question of potassium, whether it 
has got any relation with calcium with regards to 
contraction of muscle. It is seen that after adding 
excess potassium (8.4 mg approx.) in the calcium free 
solution, the contraction of n.m. preparation of 5. 
cervi were slowly restored, although for a short while. 
Potassium ions appear to have a potentiating action on 
transmitter release in addition to its depolarizing action 
(8). Here potassium with its own depolarizing action 
initiated the restoration or it opened the calcium 
channels, a few, through which very small amount of 
intracellular calcium came into action. It can be 
explained in alternate way that acetylcholine release 
from nervemuscle preparations can also be augmented 
by excess potassium (7). 
Initial stimulation of the worm characterised by 
increase in tone and amplituate followed by depression 
is the biphasic response of acetylcholine in n.m. 
preparation of S. cervi (9). 
This typical response was not observed when the 
bathing solution was deprived of Ca^ *. This highlights 
the involvements of calcium in the mechanism of 
release of transmitter substance, Ach. It is also seen 
that on prior addition of Ach, i.e. there was no 
stimulatory effect of acetylcholine on nerve muscle 
preparation which was previously blocked by 
Nifedipine. 
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It is generally accepted that Ca^ ^ is the primary 
regulator of contraction in smooth as in striated muscle. 
Various studies suggested that calcium had a 
presynaptic action on transmitter release. Miniature 
end plate potentials represent basic units (quanta) of 
transmitter activity and the end plate potentials consists 
of summation of such quanta (10, 11). 
Calcium is capable of increasing the release of 
quanta of acetylcholine during depolarization by nerve 
impulse. Calcium deprivation depress miniature end 
plate potential, thus it appear that calcium dependent 
mechanism governs acetylcholine action at nerve 
terminals. The somatic longitudinal musculature of 
these nematodes are also innervated by process though 
not typical as in other animals (Lee & Atkinson). It is 
in this part of 5. cervi i.e. muscle end plate where the 
interaction of calcium and Ach take place. Thus from 
this analysis we can explain that absence of calcium 
will reduce the release of Ach. Regarding intrinsic 
Ach, it can be explained in a similar fashion when 
calcium was deleted from the suspending fluid or on 
addition of EDTA or CCB, no extra calcium ions were 
available for extrinsic acetylcholine. The movement 
which went on initially was only due to extrinsic 
calcium. Therefore after the addition of acetylcholine, 
there was no extrinsic calcium ion which could have 
interacted with acetylcholine for its action to take 
place. 
The evidence presented clearly indicate that like 
mammalian tissues, filarial nematode parasite of cattle 
S. cervi possesses calcium channels and presence of 
calcium is essential for maintaining its activity. Further 
these calcium channels behave in a manner similar to 
those present in mammalian tissues and their blocking 
agents are also same. 
On the basis of the experimental evidence, a 
model of calcium channel in cell membrane and 
sarcoplasmic reticulum of Setaria Cervi has been 
proposed (Fig.l). The cell membrane contains voltage 
regulated L type of calcium channels as they are 
blocked by Nifedipine and opened up transiently by 
high concentration of K*. The calcium ion enters 
through gated channels and stimulates the valve of 
stored Ca** from sarcoplasmic reticulum. The Ca** 
combines with receptor protein and forms a complex 
which causes contraction of myosin. Such a 
phenomenon which exists in large number of vertebrate 
and invertebrate tissues may also operate in Setaria, 
and other nematodes. Similar evidence gathered in 
future may strengthen this hypothesis. 
This new insight in the mechanism of control of 
spotaneous movements of Setaria and the relationship 
of calcium ion with the excitatory neurotransmitter 
acetylcholine will be helpful in elucidating mechanism 
of action of antifilarial agents and designing new 
strategy for killing and containing the parasite. 
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Abstract : Nerve muscle preparation of Setaria cervi (Nematoda : 
Filarioidea) exhibits spontaneous rhythmical movements when 
suspended in isolated organ bath containing modiHed Ringer's solution. 
Pyrantel pamoate (50 ng/ml) when applied caused initial short lasting 
stimulation followed by irreversible paralysis. When suspended in 
calcium free bathing fluid the movements of n.m. preparation showed 
a gradual decrease both in amplitude and rate of contraction till the 
movements ceased completely. The effect was similar when EDTA was 
added to the bath fluid. 
The stimulant effect of Pyrantel pamoate was blocked in calcium 
free solution and in bath applied EDTA. Calcium channel blocker 
Nifedipine in a concentration of 500 ng/ml blocked the effect of Pyrantel 
pamoate (50 ng/ml). Neither stimulation nor depression of movements 
was evident with higher concentration of PP (250 mg/ml) the stimulant 
effect of Pyrental pamoate was blocked while the depressant effect 
characterized by decrease in amplitude of calcium is essential for the 
stimulant effect of Pyrantel pamoate and its response on n.m. 
preparation is similar to Acetylcholine. 
Key words : pyremtel pamoate 
nematode 
calcium channel nifedipine 
f i lariasis 
Abbreviation : Nerve muscle preparation (n.m. Preparation on) 
Acetylcholine (Ach), Pyrantel Pamoate (PP). 
INTRODUCTION 
Setaria cervi, a filarial nematode parasite of 
cattle and its nerve-muscle preparation exhibit 
rhythmic movements when suspended, in an 
isolated organ bath (1, 2). These movements are 
regu la ted by a pr imi t ive nervous system 
consisting of circum-oesophageal ganglia which 
act as the central nervous system of the helminth 
and four longitudinally running nerves. The 
four paral le l r unn ing muscle bands make 
contacts wi th longitudinal nerve fibres at 
intervals (3). Acetylenoline (Ach) has been 
identified as excitatory neurot ransmit ter in 
S. cervi. Besides S. cervi has a well developed 
mechanism for the syn thes i s of Ach and 
also has choliesterase for the destruction of 
excess amoimt of Ach at the neuromuscular 
junction (4). 
The action of Ach is depended upon the 
presence of Ca** in the absence of which Ach 
fails to elicit stimulations both in the whole 
worm and nerve-muscle preparations of Setaria 
(5). Pyran te l pamoa te , a commonly used 
anthelminthic causes initial stimulation followed 
'Corresponding Author 
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by paralysis, an action similar to that elicited 
by the addition of Ach to the bath fluid. It has 
been demonstrated that primary site of action 
of Pyrantel pamoate in Ascaris is on Ach 
receptors. The understanding of Ach receptors 
and the knowledge that Pyrantel pamoate mimic 
its action is an important development in the 
understanding o[ the mechanism of action of 
anthelmintics. 
To elucidate that the effect of Pyrantel 
pamoate like Ach is also dependent upon the 
presence of Ca** ions and ionic channels are 
involved in the regulation of excitatory response, 
the present study was designed. 
METHODS 
Adult S. cervi were obtained from the 
peritoneal cavity of freshly slaughtered cattle 
and immediately kept in vacuum flask 
containing modified Ringer's solution (glucose 
0.25 gm/L) at 37*C. In the laboratory, the worms 
were given repeated wash with the same solution 
to free them from &ny extraneous material. 
Dale's organ bath of 20 ml capacity, fitted with 
a frontal writing lever was set up for recording 
the worm motility. The bath was filled with 
freshly prepared modified Ringer's solution. The 
temperature of the bath was maintained at 
37°C. Aeration was not required as it did not 
improve the motility of the worm. Movements 
of the worm were recorded on slow moving 
drum. 
Nerve-muscle preparation: A worm was 
placed in a pertridish containing modified 
Ringer's solution. Two dissecting needles /vere 
inserted at one end of the worm, the cuticle was 
split longitudinally apart in one stroke. The 
anterior half inch of the worm was cut off to 
eliminate the influence of the nerve ring and 
the cephalic ganglia. The remaining nerve-
muscle preparation which was tied at both ends 
was suspended in the isolated organ bath 
containing modified Ringer's solution. After 15 
-min when the preparation was stabiUzed to 
elicit spontaneous movements, the drugs were 
added to the organ bath so as to act directly on 
nerve-muscle complex. 
RESULTS 
Pyrantel pamoate on nerve-muscle 
preparation of S. cervi: The nerve-muscle 
preparation of S. cervi contracted spontaneously 
and was allowed for some time to become stable. 
When Pyrantel pamoate was added to the 
solution bathing the worm, there was immediate 
stimulation characterised by increase in tone 
and amplitude followed by paralysis at a 
concentration of 50 ng/ml (Fig.l). Recovery did 
not occur after repeated washings. 
EFFECT OF PYRANTAL PAMOATE ON NERVE-MUSCLE 
PREPARATION 
Fig. 1 : Effect of Pyrantel pamoate on spontaneous 
movement of nerve muscle preparation ofS.cervi. 
A concentration of 50 ng/ml of Pyrantel pamoate 
caused stimulation followed by spastic paralysis 
of preparation. 
Norton and deBeer (6) noted that the 
sensitivity to piperazine was much greater in 
the open Ascaris preparation where the cuticle 
was removed than in intact Ascaris. Although 
the filarial cuticle is quite different fixim Ascaris 
cuticle it may still act as a permeabiUty barrier. 
Pyrantel pamoate in Ca** free solution: 
When the nerve-muscle preparation was 
suspended in Ca"* free modified Ringer's 
solution, the rhythmicity of the spontaneous 
movement was re^uping ^adually. Pjrrantel 
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pamoate (10 ^g/ml), when added in the bath 
fluid caused stimulation followed by paralysis of 
the worm. But here the stimulation was 
characterised by increase in rate and eunplitude 
only but not in tone (Fig. 2). In second set of 
experiment, Ca** was not deleted from modified 
Ringer 's solution whereby EDTA at a 
concentration of 10 ^g/ml was added in the 
bathing fluid. This resulted in a gradual 
reduction in amplitude of contraction of the 
worm. On addition of P3n'antel psunoate (10 \ig/ 
ml), no stimulation of movement of nerve-muscle 
preparation was observed. There was irreversible 
paralysis (Plate 2). 
EDTA W 
P.P.(10Mg/ml) 
Fig. 2 Upper panel: Effect of Pyrantel pamoate (10 ng/ 
ml) on spontaneous movement of nerve muscle 
preparation of S. cervi in calcium free modified 
Ringer's solution. The amplitude and rate of 
contractions decreased immediately. Repeated 
washing failed to restore movements of the 
preparation after the addition of drug. The initial 
stimulant response was not observed. 
Lower panel: Effect of EDTA on spontaneous 
movement of nerve muscle preparation otS.cervi. 
Arrow indicate the time of addition of EDTA to 
the bath. The amplitude showed gradual 
reduction. The response to Pyrantel pamoate 
(10 )ig/ml) was blocked. 
Nifedipine and pyrantel pamoate: In a fresh 
set of experiments, normal contraction of 
preparation was recorded. Nifedipine was added 
at a concentration (500 ng/ml) lower than that 
which brings about paralysis of the worm. On 
addition of Pyrantel pamoate (50 ng/ml) without 
washing in between, the stimulatory effect of 
Pyrantel pamoate was inhibited. The preparation 
was washed, nifedipine (500 ng/ml) was added, 
followed by addition of higher concentration 
(250 ng/ml) of Pyrantel pamoate. It was observed 
that there was no stimulation of movement of 
preparation. Instead of stimulation followed by 
depression and paralysis, there was a gradual 
reduction in amplitude and rate of rhjrthmical 
movement of the preparation leading to 
irreversible paralysis (Fig.3). 
EFFECT OF NIFEDIPINE AND PYRANTAL PAMOATE IN 
NERVE-MUSCLE PREPARATION 
T 
N 
500 ng 
T 
PP 
SOng 
T T 
N PP 
500 250 ng 
ng 
Fig. 3 : Effect of Nifedipine on the response of Pyrantel 
pamoate in the nerve muscle preparation of 
S.cervi. Arrows indicate the time of addition of 
drugs. Prior addition of Nifedine (500 ng) blocked 
the response of Pyrantel pamoate (PP) (250 ng). 
A higher concentration of 250 ng of Pyrantel 
pamoate caused only paralysis of the preparation. 
Initial stimulation was not observed. 
DISCUSSION 
These experiments demonstrate that the 
recording of contractions from filarid S. cervi is 
a convenient and reliable method of observing 
the effect of drugs. The long thread-like fragile 
parasite can be suspended in isolated organ 
bath and with the nerve-muscle complex directly 
exposed to the bath fluid containing drug sm.d 
nerve ring removed during surgery, the 
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preparation becomes highly sensitive to the drug 
as compared to the intact preparations. 
Minimum concentration of Ach required to ehcit 
response in nerve-muscle preparations is 25000 
times less than that required for a similar 
response in the whole worm preparation. The 
nerve muscle preparation was found more useful 
for s tudying the basic physiology, 
pharmacological response and mechanism of 
drug action; because substances are not required 
to cross a barrier like cuticle and can directly 
reach the site of action. 
The main conclusion of the present study is 
that S.cervi has voltage sensitive Ca** channels. 
In the absence of available extracellular calciiun, 
Ach as well as Pyrantel pamoate fails to elicit 
stimulation of nerve-muscle preparation of 
Setaria. 
Electrophysiological technqiues have 
demonstrated that Pyrantel is more potent 
agonist at Ascaris Ach receptors than at 
vertebrate nicotinic receptors where it has also 
weak nicotinic action (7, 8). The selective action 
of this drug allows it to used as effective 
anthelmintic killing the nematode parasite 
without harming the host. 
Earlier study has confirmed that the 
excitatory nature of Ach S.cervi is elicited in 
presence of Ca** channels are present and is 
involved in production of slow waves. 
Anthelmintic mode of action studies have 
identified sites of action for piperazine, 
dihydroavermectin, pjrantel and levamisole (9). 
The primary site of action of pyrantel and 
levamisole in Ascaris is Ach receptors (7). Body 
wall musculature, contractility-myogenic in 
origin, excitatory neurotransmitter, Ach-like 
process in Ascaris are in many ways similar to 
filarid model. Thus an understanding of the 
relationship between Ach receptor over Pyrantel 
pamoate and the function of Ca** at the receptor 
site is necessary for determination for which 
the present study is highlighted. 
In the present study also, it is observed that 
the depolarising effect of Pyrantel pamoate is 
elicited only in presence of Ca**. When we 
employed Ca** free medium to study the effect, 
the potency of Pyrantel on Setaria muscle 
preparation was apparently lower in absence of 
Ca**. When investigated further with calcium 
channel blocker, depolarising effect was nil. Thus 
it is clear that the presence of co-operatively 
interacting Ca**, either through its entry by 
voltage-gated channels or release from 
organnelle, is necessary for excitatory process 
by agents acting through Ach receptors-be it 
Ach itself or other agents acting through the 
same reception like I*yrantel-insighted by this 
study. 
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SUMMARY 
The present study showed that infective larvae of 5 MTOt react to electrical stimulus by change in 
inigrat<ffy pattern. At first application of current, the larvae exhibited increased motor activity. At 
low voltage (2 volu), they moved towards the anode and at higher voltage (5 volts), they moved in the 
cathode direction. After an interval in any given direction, the larvae tended to move towards the center 
of the electrical Geld (zero zone or neutral zone). 
INTROPUCTION 
Effect of electrical field on the migration of larval stages of nematodes including 
Panagrellus redivitms (CroU i967), T. retorta^ormis (Gupta (1962) and Hamonchus eontorUu 
(Singhal tt. al., 1983) have been reported. No report is, however, available on the 
influence of electrical field on the larval stJ^es of any filarial nematode. 
The aim of the present study is to investigate the effect of indirect application 
of electricity on the movement pattern of larval form ofSetaria cervi. 
METHODS 
Two plates made of copper, measuring 1.5 cm X 4.7 cm were fitted with soft 
wires of about 1 metre. The two plates were glued to the curve of a transparent pctri 
dish, the plates directly facing each other. The wires were then connected to the 
anode and cathode terminals of a Romtex D.C. source, which was in turn connected 
to the main switch. 
A glass slide having one of its sur&ces marked into eight equal compartments 
was then fixed to the base of the petridish. Some quantity of vaseline was applied to 
the sides of the glass slide, to confine the suspension of microfilariae to the upper sur-
face of the slide. 
The adult forms of the nematode Setaria eeroi obtained from the peritoneal cavity 
of water buffalo from the slaughter house and larvae were dissected in Ringer's 
solution. 
With the aid of a pipette, a few drops of Ringer solution contuning numerous 
larvae (micro filarial) were transferred to the upper surface of the slide in th& petridish 
which was placed under the objective lens of a binocular microscope. Even distribution 
of the fluid in all slide compartments was ensured. The microfilariae were seen actively 
moving about on the slide. The number in each compartment was recorded for 5 
observations, and the mean, computed. The current main was switched on and graded 
voltage (2, 5 and 10 volts) applied. The movement pattern at each voltage was 
recorded at intervals of 5, 10 & 15 minutes. 
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RESULTS 
Before applying the electric current, the larvae showed even distribution on the 
coonpartmentalized slide. When current of 2 volts was applied, the larvae moved 
towards the anode terminal a ad were concentrated in the + 1 compartment (Fig. 1). 
When 5 volts of direct current was applied, the larvae moved towards the cathode and 
by 15 minutes, they have moved to —2 compartment (Fig. 2). When 10 volts current 
was passed for 10 minute, majority of larvae were found in + 2 to + 1 compartments 
with very few in —I and —2 compartments (Fig. 3). 
The lethal effect of electric current of varying voltage on the larvae is showa in 
Fig. 4. The times taken for 50% of the larvae to die at 10 volts, 15 volts and 25 volts 
were 40 minutes, 35 and 30 minutes respectively. The time taken for 90% ot larvae 
to die at the same voltages were 50, 45 and 40 minutes respectively (Fig. 4). 
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Fig. 1. In the electric field of 2 volts inf. sun migrating towards anode. However with pajsige of lizae 
tbey concentrate in the zone of electrical neutrality. 
Fig. 2. In the electrical field of 5 volts mf. start moving towards neutral zone f5 min.) and with the 
passage of time show slight shifting towards cathode. 
Fig. 3. Application of 10 volis initially cause migration of mf towards anode (5 min). After 10 
Biin. all mf.' gather in the zone of electrical neutrality and thereafter disperse all over 
again. 
Pig. 4. Fifty and ninety per cent lethal e&ct of currents of different strengths at different time 
intervals. 
DISCUSSION 
According to the earlier reports, some larvae and adult nematodes migrate to-
wards the cathode (Bird, 1959; Jones, I960: Gavencss and Panzer 1950; CrolL 1967), 
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some have been found to move in the anodic direction (Hawking et al. 1950). An 
exception is the adult form of Pelodera strongyloides which remains unaffected by the 
eleetrical potential of the environment (Whittaker 1969). Singhal et al. (1983) have 
conclusively demonstrated definitive galvanotactic behaviour in infective larvae of 
Haemonehus eontortus. The movement of the larvae towards the anode at the start of 
this experiment is suggestive of a negative resting membrane potential in the cells 
lining the body wall. Furthermore, the increase I tactic movement upon application 
of current indicates thot thase cells were depolariseJ and hence became easily excitable. 
The finding of De-Bell et al. (1963), among others, that the resting membrane potential 
to Asearis was about—30 mV speaks in favour of the present observed phenomenon 
in Setaria eervi larvae. Furthermore when these larvae moved towards the cathode, 
then it means the cells were hyperpotarized an 1 less easily excitable, though, the possi-
bility of loss of coorliaated motor activity may as well be considered because the appli> 
cation of electricity is a form of stress to the larvae. The tendency to migrate towards 
the central ompartments may be explained in terms of consciously controlled protec-
tive property which is common to all living organisms (moving away from nociceptive 
stimuli). 
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IMMUNOLOGICAL STUDIES WITH THE ANTIGEN OF 
SETARIA CERVI (NEMATODA : FILARIODEA) 
K. C. SINGHAL 
Department of Pharmacology, J. N, Medical College, A. M. U., Aligarh 
Abstract 
The whole worm extract of Setaria cervi contains 52.7 mg protein/g 
wet weight of the parasite. Fifty and 100% saturation of the extract with 
ammonium sulphate yielded two separate protein fractions. 
The antigen pattern in the parasite was analyzed by various immuno-
logical tests such as gel diffusion, precipitin titration and passive cutaneous 
anaphylaxis (P. C. A.>. Each rabbit was immunized by injecting a total 
of3.7mg protein according to the immunization schedule. Samples of 
sera collected on 32nd, 49th and 51st days were pooled in lot 1 and those 
collected on 55th, 57th and 59th days were pooled in lot 11. Detection of 
antibodies by precipitin test showed that antibody titre reaches its peak in 
about 7 weeks and starts declining thereafter. 
The whole worm extract showed 4 precipitin bands with the immu-
nized rabbit serum in gel diffusion. The two protein fractions obtained 
with 50 and 100% saturation with ammonium sulphate gave 3 and 2 bands 
respectively. Positive P. C. A. reaction was observed on guinea pigs with 
serum dilutions of 1 : 10 and 1 : 100. At a dilution of 1 : 1000 the reac-
tion was negative. Positive reaction indicates the presence of reagin type 
of antibodies. 
Key Phrases 
Setaria cervi Filariasis Immunological reactions 
Passive cutaneous anaphylaxis Precipitin reaction Gel diffusion. 
Introdactioa 
The diagnosis of filariasis today 
is still dependent on the demonstra-
tion of microfilariae in the blood or 
tissues of the infected individual, ins-
pite of the fact that parasitological 
technique are cumbersome, time con-
suming and often inadequate. How-
ever, immunological techniques also 
are not entirely satisfactory as aids 
to the diagnosis, as they lack suffi-
cient specificity and "false negative" 
results are common. This is under-
standable since most of the anti-
gens obtained from different 
sources, are variable in their compo-
sition, and have been prepared by 
various methods. Crude prepara-
tions may contain certain antigenic 
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components shared by unrelated 
parasite. Because of the immuno-
logical complexity of the filarial para-
site, the antigen-antibody reactions 
observed are not always a reliable 
indication for the presence or extent 
of the disease, although many differ-
ent methods have been employed for 
the diagnostic purpose. 
Setaria cervi rat system, recen-
tly suggested as a method to assess 
the efficacy of potential antifiiarial 
agents, bears close similarity to 
human filarial worms in response to 
drugs (Singhal et al, 1969, 1972, 
1978). The present investigation was 
designed to study the immunological 
profile of Setaria with a view to ex-
plore the possibility of its use in the 
diagnosis of filariasis. 
Materials and methods 
The method for collection, preser-
vation and transportation of 5. 
cervi from slaughter house to the 
laboratory has been described earlier 
(Singhal et al., 1973). In the labora-
tory, worms were given repeated 
washing with the same solution to 
free them from extrane-^us material. 
Isolation of antigen : Adult S. cervi 
were placed in phosphate buffered 
saline solution (pH 7.4) equal to 20 
times their wet weieht. The worms 
were cut into small pieces and the 
composite was placed in a homo-
geniser surrounded by ice and homo-
genized for about 10 mins. The re-
sulting homogenate was kept at room 
temperature (250C) with constant 
stirring with a magnetic stirrer for 
^ ^ hours and subsquently centrifuged 
at 500 X G for 30 mins. The super-
natant was stored in frozen state in 
refrigerator until use after addition 
of merthiolate (1 : 10,000) as a pre-
servative. TTiis was used to immu-
nize rabbits as per immunization 
schedule (Tabic 1) and for separation 
of protein by the procedure described 
below. 
Isolation of protein fraction from 
the whole worm extract: The whole 
worm extract was brought to 50% 
ammonium sulphate saturation by ad-
ding 38 g ammonium sulphate, 
(NH4)2 S04 w/v, per 100 ml of ex-
tract at 250c. The ammonium sul-
phate-antigen mixture was stirred and 
refrigerated at 4<'C for 24 h to allow 
complete precipitation of proteins. It 
was then centrifuged at 1300 cxG for 
30 min. The precipitate was resus-
pended in phosphate buffered saline 
solution (pH 7.4) dialysed extensively 
for the removal of ammonium sul-
phate. The procedure was repeated 
till dialysate was free of ammonium 
sulphate. The dialysate was then 
centrifuged and in supernatant was 
stored in frozen state. 
In anothe series, the supernatant 
was further treated with 3 8g/100 ml 
of ammonium sulphate at 25°C to 
provide 100% saturation. The mix-
ture was kept in a refrigerator at 4*>C 
for 14 h and was then centrifuged at 
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1300 G for 30 min. The superna-
tant was discarded and the precipi-
tate was resuspended in phosphate 
buffered saline (pH 7.4) and dialysed 
extensively against several changes of 
saline till the sulphate ions were com-
pletely removed. The dialysate was 
centrifuged, p'-ccipitate discarded and 
supernatant was stored in frozen 
state. 
TTie protein content of all antigen 
preparations was estimated by the 
method of Lowry er al, (1951) using 
Folin-Ciocalteu reagent. 
Immunization schedule: The 
rabbits weighing 1—2 kg were 
immunized with the whole 
worm extract as per schedule 
given in Table 1. The first and last 
inoculations were made by injecting 
alum precipitated protein (alum pro-
tein ratio 3 : 1 w/v) in saline intrave-
nously. From 4th oay onwards 
rabbits were immunized using protein 
emulsified with Freund complete ad-
juvant (one volume adjuvant plus 2 
volumes protein). A total of 3.7 mg 
proteins were given to each rabbit. 
Blood was obtained by cardiac punc-
ture, serum separated and stored 
in frozen state with 0.02% sodium 
azide. The antiscra was pooled in 
two lots. The first pool contained 
the serum obtained on 32, 49 and 
20 
18 
14 
uj 
a. 
a 10 a & 
?0« 
z 
0« 
0^ 
w 
TITER i-e9Tnq/ml. o o *s T 
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M^. AMTIGCN ADDED 
0-6 0-r 
Fig. 1.—Quantitative precipitin Reaction Amount of antibody 
protein and of antigen in the precipitate formed in 
a constant antibody titration of rabbit serum against 
Setaria cervi antigen. 
63 
264 K. C. SINGHAL 
51 days and the second pool contain-
ed the serum of 55, 57 and 59th day 
of bleeding. Preimmunization bleed-
ing was obtained from rabbits as con-
trol sera. 
Analysis of sera : Precipitin titra-
tion— T^he titre value of antisera was 
determined in a series of tubes con-
taining 1 ml of antiserum and 1 ml of 
different concentrations of antigen. 
The tubes were first incubated at 
37-40OC for 1 h then at 4°C for 36 h. 
The precipitates were separated by 
centrifugation and washed several 
times with cold saline to remove the 
excess of free proteins. The washings 
were tested with trichloroacetic acid 
(TCA). The precipitates were then 
dried and dissolved in 2 ml of KCL 
and HCL mixture, pH 2.2. Finally 
the proteins were determined by the 
method of Lowry et at. (1951). 
Gul diffusion—Serum samples from 
immunized rabbits were analysed by 
the agar gel diffusion method des-
cribed by Ouchterlony (1949) with 
respective antigens. The antiserum 
was filled in the central well and the 
antigens (whole worm extract, 50% 
proteins and 100% proteins) were 
applied in the peripheral wcjls. The 
slides were then kept at 40*'C for 
1—2 h and then for 3 days at APC. 
The precipitin arcs were located by 
staining with 1% amidoschwartz. 
Passive cutaneous anophylaxis 
(PCA) : Test was performed on gui-
oea-[Mgs of either sex weighing 
200—250 g by the method described 
by Ovary (1964). The back of ani-
mals was shaved with an electric 
clipper one day prior to the experi-
ment. Antiserum raised in rabbits 
by the method described earlier was 
injected intradermally (0.1 ml) on the 
clean shaved backs of albino guinea 
pigs. Three intradermal injections of 
antiserum in dilutions of 1 : 10, 
1 : 100 and 1 : 1000 were made on 
each side of dorsal skin with a 26 
gauge hypodermic needle. The ex-
periment was repeated in 4 different 
animals. After passive sensitization 
guinea pigs were injected intrave-
nously with 500 ixg of protein antigen 
of S. cervi in 0*5 percent Evans blue 
dye in normal saline (1.2S m) at 
intervals of 24, 48 and 72 hours. The 
animals were killed after 30 minutes 
of the challenge injection with a blow 
on the head. The back of animals 
was skinned and inner side examined 
for bluing reaction. 
Results 
The total protein content of the 
whole worm extract was 52.7 mg/g of 
the wet weight of the worms. Fifty 
and 100 percent saturation with 
ammonium sulphate yielde 32.7 and 
14 mg/g of protein respectively. 
About 6.3 mg/g protein content was 
lost in the process of isolation. 
Precipitin titration : The titre 
values of two lots of antiserum upto 
51st day (Pool 1) and 55—59th day 
(Pool II) were determined by qpanti-
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Table 1 
Schedule ^Immunization of rabbits using whole worm extract 
265 
Antigen 
inoculated 
Alum pre-
cipitated 
protein 
Protein+ 
FCA 
« 
» 
>» 
>» 
>» 
Alumpre-
Interval 
of inocu-
lation 
1 
4 
13 
18 
27 
32 
40 
46 
No. of in-
jections per 
rabbit 
1 
4 
20 
4 
4 
«•• 
4 
1 
Total 
protein 
per rab-
bit (mg) 
0.5 
0.4 
0.5 
0.5 
0.4 
,.. 
0.4 
1.0 
Route of 
injection 
Intravenous 
Foot pad 
Subcutaneous 
I.M„ LP. 
Subcutaneous 
LP, 
Bleeding 
••« 
«•• 
«•• 
•«• 
*•• 
15 ml blood was 
withdrawn from 
each rabbit by 
cardiac punsture 
SulKutaneous, 
LP, 
Intravenous 
• •• 
»••  
cipitated 
protein 
... 
•••* 
•«• 
— 
49 
51 
55 
57 
59 
15 ml blood was 
withdrawn from 
each rabbit by 
cardiac puncture 
I.M.=Intramuscular, LP.=Intraperitooeai 
F.C.A,=Freund's complete a4juvaat 
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tative precipitin titration. The titre 
values of antisenim pool 1 and pool 
II were found lo be 1.89 and 0.57 
mg/g respectivety (Fig, 1). The high 
titre value in pool 1 shos that the 
peak level of antibodies reaches in 
about 7 weeks and in subsequent 
weeks the antibody levels start dec-
lining. 
Gel diffusion: Immunization of 
rabbits with the whole worm extract 
of 5 cervi resulted in the formation 
of antibodies to the aduh parasite as 
AS 
Fig. 2. Agar diffusion pattern of 
reaction of rabbits antise-
rum with homologus anti-
gen (whole worm extract of 
Setfiria cervi). The antise-
rum was placed in the cent-
ral well and the antigen 
was applied in the periphe-
ral wells. Four distinct 
precipitin bands w:re dele-
ted. 
shown in gel diffusion test. Four 
distinct precipitin bands were detec-
ted with the whoJe worm extract 
(Fig. 2). The proteins separated by 
50 per cent and 100 per cent satura-
tion with ammonium sulphate shows 
3 and 2 precipitin bands respectively 
(Fig. 3). This observation suggests 
that protein fraction is mamly res-
ponsible for iivducing antibodies and 
atleast 3 distinct antigens are present 
in it. 
Passive cutaneous anaphylaxis : Se-
rum of immunized rabbits tested 
aga'nst the whole worm extract of 
S. cervi for P. C. A. reaction in gui-
nea pig gave positive reaction with 
serum dilution of 1 : 10 and I : 100, 
as observed by blueing of the under-
skin. The reaction was negative with 
a higher dilution of I : 1000. 
Discussion 
Precipitin titre reaches its peak at 
about 7 weeks and then starts declin-
ing and was considerably reduced by 
9th week. It has been observed ear-
lier (Singhal et al. 1969, 1972 a, b) 
that infeaion wite S. cervi in rats and 
dogs is self limiting as after intraperi-
toneal implantation adult worms sur-
vive inside the host for a period of 
7—8 weekB, Thus the decline in the 
titre appears to coincide with the 
death of the worms, if it is considered 
that a similar course of development 
of the immune bodies obtains in the 
rat as it does in the rabbits. It may 
thus be suggested that the self limit-
ing course of experimental S. cervi 
infection in the rat can be attributed 
to the devlopmat of ibies. nalodtfen 
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V)J»»OT£M( *NT|«(N 
»9J 
267 
I AS I 
100^ PtOJtn ANTJCCN 
-« i -
Fig. 3.—Aar difTusion pattern of reactions of rabbits antisennn with homo-
logus protein antigens. The antiserum was placed in the Central 
well and the antigen was applied in the peripheral wcUs. Thiee 
distinct precipitin bands were observed with protein precipitated with 
50% saturation with ammonium sulphate and two bands were 
obtained with protein precipitated by 100% saturation, 
the cross sensitivity to human filaria- Helminth infestations induce the 
•sis exists, test can be employed in the formation of reagin like antibodies 
•diagnosis of lilariasis. 
The antigenic profile of S. cervi 
seems to be simple than other worms 
of the same family as only 4 distinct 
precipitin bands were observed in gel 
•diffusion as compared to 7 with Lito-
mosoides carinii (B&gsii et al., 1968) 
and 12 with DiroJUaria immitis 
•(Sawada et al, 1969). However, it 
is difficult to say at this stage whe-
ther the lesser number of antigenic 
components will reduce the liability 
<of Setaria to share common reactions 
with other unrelated parasites. May 
be one of the four combines with 
specific antibodies to make the immu-
nological diagnosis human filariasis 
more jneaniiigfuL 
(Ogilvie 1964, Ogilvie and Smithers 
1966, Sadun e/a/., 1966), which can 
be emonstrated by passive cutaneous 
anaphylaxis (PCA), The antigenic 
stimuli due to Setaria in rabbits induce 
the formation of *'Heterologus ana-
phylactic antibody" is demonstrated 
by the presence of positive PCA reac-
tion in guinea pigs. The positive 
PCA test with rabbit serum in guinea 
pigs at high dilutions ( 1 : 100) indi-
cates that the test is hichly sensitive. 
The value of this test needs evalua-
tion in filariasis. This is of signi-
ficance since the technique for pertor-
mmg the test is simple and antibodies 
can be detected even at high dilu-
tions. 
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STUDY OF HAEMATOLOGICAL CHANGES FOLLOWING 
INTRAPERITONEAL IMPLANTATION OF SETARIA 
CERVI IN RATS 
By. 
K. C. SINGHAL, B. R. MADAN, M. C, GUPTA, 
and 
P. N. SAXENA, 
Dfpartm*nlefPharmacoloty,J-N. Medical CoUefe, A. M. U. Aligarh 
ABSTRACT 
The study incorporates the results of haematological changes fol-
lowing intraperitoneal implantation of adult Setaria cervi in rats upto 
six weeks. The worms induced significant leucocytosis which continued 
till the end of 3rd week. The leucocytosis was characterized by signi-
ficant relative increase in circulating lymphocytes and eosinophils asso-
ciated with a decrease in neutrophil count. At the end of 4th week 
the total leucocyte, eosinophil and neutrophil counts attained the nor-
mal levels whereas lymphocyte count was significantly below normal. 
From the 5th week onwards all the components of blood were within 
normal range. 
The fall in circulating neutrophils may be due to their migration 
to the vicinity of the werm as a first step in the defence reaction. This 
function at the end of 4th week is taken by lymohocytes and also they 
may be involved in the development of immunity against the invading 
parasite, which is reflected by their sudden significant decrease from 
peripheral circulation. Eosinophilia lasting for initial three weeks may 
be an indication of development of immunity/allergy or a nonspecific 
response. No change was observed in the erythrocyte sedimentation 
rate and haemoglobin percentage throughout the period of study. 
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Intraperitoneal implantation of 2 male and 2 Female adult Setaria 
cervi in rats causes the appearance of microfilaria in the peripheral cir-
culation in 10 ± 3 days. The microfilaremia persists for an average 
duration of 54 i 6 days fSinghal </a/. 1969, 1972). Ansari (1964) has 
shown that maximum density of microfilaria in the peripheral blood is 
obtained during 3rd and 4th week following implantation. Following 
the disappearance of microfilariae from the peripheral circulation, liv-
ing or even most of the time, dead worms are not recoverable from the 
host. Ansari(l964) has attributed the self-limiting nature of the infes-
tation in the rat to the development of immunity. This development 
of immunity is likely to be reflected in the changes in leucocyte pattern 
of the host. The present study has therefore been undertaken to detect 
any such changes in the leucocyte pattern of the rats during the 
first six weeks, following implantation of the worms. 
MATERIALS AND METHODS 
Adult S. cervi were collected from the peritoneal cavity of the 
freshly slaughtered water-buffalo {Bubalus bubalis Linn)and transported 
to the laboratory in a vacuum flask containing modified Ringer's solu-
tion at 37°C (Singhal et cL 1973). In such a solution worms stay alive 
for nearly 24 hours. In the laboratory, worms were given repeated 
washings with the same solution to free them from extraneous material. 
A group of 30 albino rats of either sex and weighing 100—150 g was 
used. The rat was anaesthetized with ether and an incision of about 
1/2" long was made in the abdominal wall, through which two male 
and two female worms were slipped into the peritoneal cavity. The 
peritoneum was stiched with No. 00 cat gut and the skin with silk 
thread. 
Samples of blood were collected weekly from the internal jugular 
vein. A horizontal incision about 1/2" long was made at the base of 
the neck. Superficial fascia was retracted and the underlying jugular 
vein was clearly exposed. Samples of blood were drawn by means of 
a thin needle attached to a heparinized syringe. The needle was pierc-
ed through the pectoralis muscle to reach the internal jugular vein in 
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order to provide a muscular shield to prevent extravasation of blood 
following withdrawl of the needle. About 1 ml blood was withdrawn 
and transferred to a test tube. The skin was sutured with silk thread. 
The jugular veins were used alternately for collecting samples of succe-
ssive weeks. An antiseptic was applied over the operation wound for 
some days to prevent infection. For detecting microfilaremia sample 
of blood was obtained from the tail daily, till the microfilariae appear-
ed in the blood. 
Each sample oF the blood was examined for counting total and diff-
erential leucocytes, absolute eosinophils, erythrocyte sedimentation 
rate and haemoglobin percentage by the method described by Dacie 
and Lewis (1966). The absolute values of lymphocytes and neutrophils 
were calculated from the total and differential leucocyte counts. 
For detecting the presence of microfilariae three parallel streaks of 
blood were drawn on a glass slide which was then dried in an incuba-
tor at 35°G for 24 hours. Erythrocytes were lysed by keeping distilled 
water over the slides for one hour. Slides were then stained with 
Leishman stain and examined under the microscope. 
At the end of the observation period, each rat was sacrificed by in-
jecting pentobarbitone sodium (60 mg/kg) intravenously and the peri-
toneal and thoracic cavities ware searched for worms. 
The results were analysed statistically. The standard errors of the 
means are illustrated by the vertical lines (down on one side only) in 
the diagrams. The significance of the difference between the means 
before and after implantation was tested by the students 't' test. 
RESULTS 
Microfilariae appeared in the peripheral circulation of the rats in 
10 days ( S D i 2 ) following intraperitoneal implantation of S. cervi and 
persisted throughout the period of observation. The results of autopsy 
performed at the end of 6 weeks of the experiment are tabulated below 
(Table 1). 
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Table 1. Showing the number of male and female worms found 
surviving inside the implanted rats at the end of 6 weeks. 
Number of worms 
recovered 
Male Female 
Number of Rats Remarks 
Worms not specifically mentioned were 
found alive in peritoneal cavity 
2 2 3 
1 2 16 In two rats one male each and in the third 
one female worm was recovered living from 
the left pleural cavity 
1 1 9 In three rats one female worm each was 
found dead and adhered to the peritoneum 
and one each of either sex was found dead 
and embeded in the muscular vrall of the 
abdomen—one female living worm was 
found in the left pleural cavity. 
2 1 2 One worm was found adhering to the peri-
toneum. 
Fig. 1 shows the percentages of the various leucocytes plotted from 
their differential counts at weekly intervals^ begining with the day of 
implantation. The neutrophils decreased over the first three weeks 
and then returned towards the normal. The decrease was statistically 
significant (1st week P = < . 0 1 , 2nd week P = < . 0 5 , 3rd week'P = < .01) . 
The lymphocytes, on the other hand showed an increase during the 
first three weeks. At^ the end of fourth week they rapidly declined 
below the control level and the decrease was also statistically significant. 
From the 5th week onwards, the lymphocyte count became normal. 
There was no appreciable change in the percentages of the eosinophil 
and the basophil counts. 
Fig. 2 illustrates the total leucocyte count and Fig. 3 the absolute 
values of the neutrophils and the lymphocytes. The total leucocytes 
increased during the first three weeks. The increase was only slight 
and not statistically significant ( P = < . 0 5 ) . The count rapidly fell 
thereafter and at the end of the 4th week the fall was statistically signi-
ficant ( P = < . 0 1 ) . It rose as rapidly towards normal from the 5th 
week and sUyed at the normal. The changes in the total leucocyte 
7? 
(5) K. C. Singhal, B. R. Madan, M- C. Gupta and P. K Saxena 47 
count were closely followed by not only the relative (Fig. 1) but also 
the absolute values of the lymphocytes (Fig. 3). Thus, the absolute 
values of the lymphocytes increased significantly over the first three 
weeks (1st week P = < . 0 5 , 2nd week P = < . 0 5 ; 3rd weekP=<.05) and 
then rapidly declined till at the end of the 4th week, they were signifi-
cantly below the control level ( P = < . 0 5 ) . By the 5th week and 
LiMpHOCrTES 
NEUTROPHILS 
EOSINOPHILS 
MSNOCVTES 
^ 14 21 28 35 
DAYS POST INFECTION 
42 
Fig. I. Graphs showins the mean values of the differencial white blood cell 
counts performed at weekly intervals in a group o( 30 rats. The vertical bars 
(shown in one direction only) Indicate the standard errors of the means. The con-
tinuous line denotes the neutrophils, upper brolcen line lymphocrtes, lower broken 
line eosinophils and dotted line monocytes. 
onwards, they attained almost the original level. These findings 
indicate that the rise in the total leucocyte count and that in the 
relative values of the lymphocytes is due to a real increase in the 
lymphocytes during the first three weeks following implantation. 
The neutrophils on the other hand behaved differently than the 
lymphocytes. The absolute values of these cells decreased significantly 
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fit. 2. Graph showing the mean values of the total leucocyte count performed 
M weekly intervals in a group of 30 rats Vertical lines (shown In one direction only) 
indicates the standard errors of the means. 
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Fig. 3. Graphshowingthemean values of the absolute eosinophil counts per-
formed at weekly intervals In a group of 30 rats. Vertical lines (Shown in one dl-
ectlon only; Indicates the standard errors of the means. 
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during the first week (P=<.01) and then gradually returned towards 
normal (Fig. 3). The fall in the absolute count of neutrophils during 
the first week is reflected in their differeniial values as well (Fig. 1). 
Fig. 4 illustrates the absolute values of eosinophils. The eosinophils 
gradually increased over the first three weeks following implantation, 
the increase being statistically significant at the 2nd week (P = <.05) 
and 3rd week ( P = < . 0 1 ) . The count rapidly returned to normal by 
the end of the fourth week and remained so till the end of the observa-
tion period. 
ABsoum eosiNOPHii couwr 
1 i « 2 i 28 
OA'S POS'» \HH t ' lOH 
u 4? 
Fig. 4. Graph showing th« mean values of the absolute eosinephii counts per-
formed at weekly intervals in a group of 30 rats. Vertical lines (shown in one 
direction only) indicates the standard errors of the means. 
No change was observed in the erythrocyte sedimentation rate and 
haemoglobin percentage of the infected rats till the end of six weeks. 
DISCUSSION 
The mild leucocytosis which appeared during the first three weeks 
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ii" not related to injury consequent upon the operations performed for 
implantation of the worms or for withdrawl of blood samples, to the 
bacterial contamination of the wounds or to the blood loss due to 
weekly withdrawals. The leucocytosis subsided after three weeks 
following implantation although the operative manipulations were 
continued for six weeks and the haemoglobin percentage maintained at 
normal level throughout the period of study. These conclusions are 
supported by the observations of Baker that leucocytosis may occur in 
the absence of bacterial agent in mice infected with intraperitoneal 
injection of viable exsheathed infective larvae of Nematospiroides dubius 
(1962) and that leucocytosis of similar degree or duration did not 
develop during anemia produced by traumatic blood removal (1955). 
It seems reasonable to conclude that the introduction of 5. cervi in 
the peritoneal cavity of the rat is the primary cause of the changes in 
blood cells. The immediate fall in the circulating neutrophils may be 
due to their migration to the vicinity of the worm as a first step in the 
defence reaction. Subsequently, the lymphocytes take over this func-
tion as they represent a pool of cells which can be mobilized at a local 
site either to produce antibody or to act as immune effector cells for 
destroying foreign agents. The leucocytosis, resulting chiefly from an 
increase in lymphocytes, is due to tissue reaction to the adult worm 
and the microfilariae and is confined to the first three weeks of invasion. 
Relevant to this is the observation that leucocytosis lasting 14 weeks 
has been shown to occur in man following subcutaneous inoculation of 
microfilariae of W. tnalayi and pahangi in man by Buckley (1958). 
The sudden significant drop in the circulating lymphocytes during 
the fourth week and its rapid return towards a normal level during the ' 
subsequent week (Fig.3) seems to represent an important phenomenon 
in the development of the host-parasite relationship which cannot be 
explained on the basis of the present findings. Actually, all the cell 
forms of blood including the lymphocytes, neutrophils and eosinophils 
(described below) return to^the pre-implantation level at the end of this 
period. 
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A progressive increase occurred in the absolute count of eosinophils 
during the first three weeks. During the 4th week they abruptly 
returned to the pre-implantation level and continued to remain so. 
Speirs and associates (1960, 1961) have suggested that eosinophilia is an 
important component of the immune mechanism and is involved in the 
form.4tion of antibodies in as much as phagocytosis of eosinophils that 
are sensitized by antigen causes macrophages to be transformed into 
plasma cells and thus assume the work of antibody synthesis. Biggert 
(1932) has observed eosinophilia in association with the presence of a 
foreign protein in the tissues of the host. The eosinophil response to 
infection with helminths is recognized to be greater with tissue invad-
ing than with purely alimentary forms (Monekosso, 1962). 
On the other hand Baker (1962) did not find a significant relative 
eosinophilia at any time during the 60 days observation period after 
implantation of J\fematospiroides dubius in mice. Also, he did not observe 
eosinophilia in immunized animals. He, therefore, attributed no signi-
ficance to eosinophilia in the development of immunity. 
Woodruff (1965) has suggested that eosinophilia is due to an 
actual destruction of larvae rather than to the products of their 
metabolism or destruction. That is why after invasive stage of 
uncomplicated Ascaris infection, eosinophilia tends to settle down, for 
the ova are passed out with the faeces and do not give rise to the tissue 
invasion by the larvae. However, the findings of the present study do 
not support his suggestion because in this case the microfilariae conti-
nued to invade the tissues even after eosinophilia subsided. 
The changes taking place in the circulating leucocytes over the six 
weeks following worm implantation may be indicative of the process of 
of development of immunity which finally leads to the death of the 
implanted worms. The results in the preceding table suggest that 
this process has gone on for some time and by the end of 6th week 36 
of the 120 implanted worms had died. The fourth week may represent 
the period when the immune system shifts its working from the cell-
• - ^ • " 
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mediated reactions to hucnora! antibody responses. Studies in the 
direptipn of elucidation of the mechanism of development of immunity 
are in progress. 
ACKNOWLEDGEMENT 
The authors are grateful to the Indian Council of Medical 
Research, New Delhi for providing the financial assistance and to Sri 
R. S. Sharma for technical assistance. 
R E F E R E N C E S 
ANSARI.J. A. 1964. Studies on &(<irui wri't (Nematoda : Filarioidea) Part II. Iti peri-
toneal transplant and periodicity of the microfilariae in white rats. Z- /• 
ParasiUnk 24. 105-111. 
BAKER, N. F. 1955. The pathogenesis of Trichostrongyloid parasite : Some effects 
of Nematospiroides dtibius on the etrthrocyte patterns and spleen of mice 
Exp.Parasil.<,b2&-i^\. 
1962. The natuie and etiology of the leucocyte response of webstcr mice 
infected with JVematospirouUs dubius. J. Paraiilol 4S, 438-441. 
BIGGART, J. H. 1932. J. Path. Bact. 35. 799. Quoted from Vanghan, J. 1952. The 
stimulation of eosinophilic leucocyte. J. Path. Bact. €4, 91-102. 
BUCKLEY, J. J. C. 1958 Occult filarial infection of animal origin as a case of tropical 
pulmonary eosinophilia E. Aft. J. 35, 493-500. 
DACIE.J. V. andLEWIS, S. M. 1966. Practical haematology III edition, J. fif A. 
Churchill Ltd. London. 
MONEKOSSO, G. L. 1962. Clinical observations on eosinophil rcponsc to human para-
sitic infection. J. Trap. Med. & Hyg. 65: 233-236. 
SINGHAL, K. C , CHANDRA, O., C H A W L A , S. N . , GUPTA, K. P. and SAXENA, P. 
N. 1969. Selariacem,a test organism for screening antifilarial agents. 
/ . Pharm. Pharmacol. 21, 118. 
SINGHAL, K. a , SAXENA. P. N. and JOHRI, M. B. L. 1973. Studies on the use of 
Setaria cervi for in vitro antiBlarial screening. Jap. J. Pharmacol 23: 793-
797. 
SINGHAL, K. C , CHANDRA, O., and SAXENA, P. N. 1972. An in-vivo method for 
the screening of antifilarial agenb using Setaria arvi as test organism. Jap. 
J. Pharmacol. 22, 175-179. 
78 
(11) K.C. Singhal, B. R. Madan, M. C. Gupta and P. JV. Saxena 53 
SPEIRS, R. S. 1960. Reticulo-Endothelial structure and function Chap 7, Ed. by J . H. 
Heller. Ronald Press, N. Y. 
S PEIRS, R. S., OSADA, V. and JANSEN, V. 1961. D N A synthesis in inflammatory cells 
of immunized and non immunized mi«e. Proe. Soe. Exptl.. Biol. & Med. 
106,251-255. 
WOODRUFF. A. W. 1965. Pathogenicity of intestinal helminth infections. TV. Roy. 
Sot. Trop. Med. &Hyg. 59 ; 585-606. 
79 
RECENT ADVANCES IN THE STUDY OF NEUROTRANSMITTER RECEPTORS 
B N DHAWAN, R C SRIMAL, R RAGHIBIR, R. S RAPAKAEDS (ISBN 81-85042-12-8) 
PUBUSHEDBY CENTRALDRUG RESEARCH lNSTrrUTE,LUCKNOW, INDIA 
NEMATODE RECEPTORS - A STUDY WITH 
SETARIA CERVI (FILARIODEA) 
K.C. Singhal 
INTRODUCTION 
The class nematoda includes large number of species but only those 
parasitic on man, domestic animals and cultivated plants have been the subjects 
of study, chiefly because of their economic importance. Parasitic nematodes 
infect man and hvestock in almost aU regions of the world but there is a 
particular abundance of them in tropics - an abundance both in species and 
individuals. This is the result of important climatic and sociological factors. 
Nematodes are essentially aquatic animals Uving in aqueous media or in films 
of moisture and they are incapable of existing in an active state in the absence 
of available v^ rater. Some species have acquired the ability to survive long 
periods of dry conditions in a shrivelled immobile state, reviving to resume full 
activity under conditions of adequate moisture. Several other factors including 
temperature, soil texture, hydrogen ion concentration, osmotic pressure, organic 
matter etc. influence the population of soil transmitted nematodes. 
NERVE MUSCLE ANATOMY AND PHYSIOLOGY 
The outer protective cuhcular structure of nematodes vary from its virtual 
absence in genus Bradynema (Riding 1970) in which outer surface of the 
nematode consists of microvilU on the surface of the hypodermis, to 
multilayered cuticle which provide a protective covering (Shepherd et cd 1972). 
Underneath the cuticle parasitic nematodes have layer of muscles consisting of 
longitudinal fibres. This strip of muscles is divided by longitudinal cords or 
strips into even numbers of two, four, eight or more depending upon the 
species (Hyman 1951). The arrangement of musculature provides contraction 
only in the anterioposterior plane. The waves of contraction and relaxation in 
opposite dorsal and ventral musculature cause serpentine movement in 
dorsoventral plane. 
The muscle are not innervated by nerves extending to endplates on the 
surface of muscle cells, instead processes extend from muscles to make synaptic 
contact at the surface of longitudinal nerves or nerve rings. In some nematodes 
cytoplasmic interconnections between muscle chords provide bridges for proper 
coordination. 
The nervous system consists of a gangUonated circumpharyngeal ring with 
large ventral, a small dorsal and two or more lateral nerves running from this 
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nerve- ring along the four hypodermal chords. Series of commissures 
interconnect these longitudinal nerves along the length of the nematode. 
NEUROHUMORAL TRANSMISSION 
Bulbring et al (1949) demonstrated the presence of acetylcholine (Ach) in 
Trypanosoma rhodesiense and its absence in Plasmodium galliimceum. This 
observation suggested the role of acetyl choline in mediating motiUty and let to 
its identification in the extract of liver fluke, Fasciola hepatica. The concentration 
of acetylchoHne was determined to be as high as 0.16 to 1.7 ug /g wet weight. 
This is nearly as higli as concentration of acetylcholine in mammalian brain 
(Mcllwain 1959). The same is true for Sdiistosoina niansoiii where the 
concentration of acetylcholine is higher (5 ug /g wet weight). Furthermore, in 
the head region of S. mansoni acetylcholinesterase and choline acetylase 
activities are 2 and 4 to 5 times higher respecrively than in the remainder of the 
body of parasite (Bueding and Bennett 1972). The nerve ring of Ascaris contains 
fifteen times more acetylchoUne per unit weight than strips of body wall (Del 
Castillo 1969). The acetylcholine-cholinesterase system has been shown to exist 
in many other nematodes including Ascaris lumbricoides (Bueding 1952 Mellanby 
1955), Litomosoides carinii (Bueding 1952), Ascaridin galli (Khwaja et al 1973) and 
Setaria cei-vi (Singhal et al 1978). 
Presence of still higher concentration of acetylcholine (9 ug /g wet weight) 
has been demonstrated in S. cervi, a filarial nematode of cattle. Further, the 
presence of acetylcholine in free and bound form and also the presence of 
choUnesterase in S. ceivi suggests that a developed system responsible for its 
synthesis, storage, release and destruction exists in the worm (Singhal et al 
1978). 
One of the most significant advances in the understanding of functioning 
of nematodes has been the identification of neurohumors and their role in the 
regulation of movements of the parasite. Acetylcholine has been identified as 
stimulatory neurohumor in several nematodes including A. lumbricoides 
(Baldwin and Moyle 1947, 1949), A. galli (Kliwaja et al 1973) Necatar americanus 
(del Castillo 1969), L. carinii and microfilaria of Dirofilaria repens (Mellanby 1955), 
S. cewi (Singhal et al 1978), and infective larvae of Haemonchus contortus. The 
role of acetylcholine is specific and it helps in maintaining and localizing the 
parasite in its environment. 
Del Castillo et al (1963) attributed acetylcholine a regulatoiy role and 
termed it as modulatory accelerating neurohormone. The nerve cord and 
associated syncytium fom^ a complex through which individual muscle cells are 
interconnected. AcetylchoUne depolarizes the membrane surrounding the 
syncytial region of the cells. 
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Acefyleholine (2 to 10 ug/ml) causes contraction of ascaris muscle and this 
response is blocked by piperazine. The myoneural blocking effect of piperazine 
is competitively reversed by acetylcholine. On the other hand d-tubocurarine 
has a relatively weak neuromuscular blocking activity on ascaris muscle and 
piperazine has virtually no blocking effect upon mammalian skeletal muscle. 
This selective action accounts for its lack of toxicity in mammalian host (Norton 
and de Bear 1957). 
Parasitic helminths and their developmental stages exhibit coordinated 
rhythmical movements. These movements help the organisms to locate and 
maintain themselves in their habitat. These movements are regulated by a set of 
neurohumors. 
The first observation indicating the presence of acetylcholine in 
invertebrates was made by Bacq (1935). Pharmacological evidence indicates that 
acetylcholine is stimulatory in all nematodes and inhibitory neurotransmitter in 
S. mansoni, F. hepatica and possibly in other trematodes (Chance and Mansour 
1953; Barker et al 1966). Several methods have been employed to observe and 
assess the effects of neurohumors on nematodes. 
Effect of Drugs on Whole Worm Preparation of Setaria Cervi 
S. cervi has been suggested as a simple, economical and quick tool for 
screeiung potential antifilarial agents (Smghal et al 1969, 1972a, b). Singhal et al 
(1975) were the first to record the movements of S. cervi in an ioslated organ 
bath. The spontaneous movements of the worm were increased by 
acetylcholine and nicotine whereas pilocarpine and carbachol had no effect. 
The stimulation produced by acetylcholine and nicotine was not blocked by 
previous addition of atropine, d-tubocurarine or hexamethoiuum. Addition of 
adrenaline, noradrenaline, 5-HT and histamine to the bath caused no change in 
the movement of the worm. Among the CNS active agents, the stimulants, 
namely picrotoxin and strychnine, failed to modify the movements. Of the 
depressents, pentobarbitone sodium and GABA depressed the movements 
(Fig.l), while glycine had no effect. Prior addition of GABA (2 ug/ml) 
completely inhibited the stimulant effect of acetylcholine, nicotine, procaine and 
lignocaine (Fig. 2). 
Effect of Drugs on the Spontaneous Movements of Nerve Muscle Preparation 
The cuticula, subcuticula and musculature collectively constitute the body 
wall in S. cavi. The cuticula is eight layered and its thickness varies from 2.7 u 
to 8 u in various regions of the body. The subcuticula is a syncj^cal layer made 
up of fine sheet of protoplasm containing granular substance and ranging from 
5-16 ug in thickness. A drug added to the bathing fluid has thus to cross the 
cuticle and the subcuticula to reach the underlying layer of muscular cells. It 
was thought that these muscle cells and fibrillar cytoplasmic processes 
cormecting the cells with nerves are the sites of action of drugs affecting the 
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nerve-muscle complex, once they have crossed the cuticular and sub-cuticular 
barrier. The permeability barrier of the cuticula and sub-cuticula w a^s 
eliminated in the following manner (Singhal et al 1975). 
GABA GABA 1/jg/ml 
Fig.l ; Effect of v-aminobutyric acid (GABA) on the spontaneous movements of the 
whole worm of S. cervi. Dots indicate the time of addition of GABA to the bath. A 
concentration of 50 ng/ml decreased the ampHtude of contractions. A higher 
concentration (1 ug/ml) decreased tone and abolished the movements completely. The 
motility was not restored even after 6 hours. 
• 
C»SA « " 
2/ug/ml 50«g/m. 
1 
• 
GABA NICOTINC 
2 A^O/"^  2 5 Ml/f^ 
PVOCAIMC GABA PVOCAINt 
250/ug/™( 2 ."^/I'W 2 5 0 A V ^ 
ITLOCAIN GABA XTLOCAIM 
50 / V " 2 A-O/"'! 50 «l / .H 
Fig. 2 :Effect of acetylcholine (Ach), nicotine, procaine and xylocaine on the 
spontaneous movements of the whole worm of S. cervi, before and after GABA. Dots 
indicate the time of addition of drugs to the bath. Acetylcholine 50 ug/ml and procaine 
250 ug /ml increased both tone as well as the amplitude of contractions, whereas nicotine 
2.5 ug/ml and lignocaine (xylocaine) 50 ug/ml increased tone only. GABA (2 ug/ml) 
blocked the stimulant effect produced by all these drugs. 
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Two mounted dissecting needles were inserged into the worm, the cuticle 
was torn apart m one smooth longitudinal section The intestine and the uterus 
were servered at both ends and gently pulled out the antenor 1/2 inch of the 
worm was cut off to eliminate the influence of the nerve nng and the cephahc 
ganglia The remaining part was tied at cither end and suspended in an isolated 
organ bath containing modified Ringer's solution at 37^C This preparation has 
been termed as "nerve-muscle preparation The preparation includes the 
cuticle and the subcuticula which have been spht apart and no longer present a 
permeability barrier to the drugs added to the bath The spontaneous 
rhythmical movements of the neive muscle preparahon were recoided on a 
slow moving kymograph At least fifteen minutes were allowed tor the 
preparation to stabilize before adding a drug The drug was classified as 
inactive if it did not modify the muscle contractions after remaining in contact 
for 15 minutes 
PHARMACOLOGY OF THE NEUROMUSCULAR SYSTEM 
The nerve muscle preparations of S Ccun was much more responsive to 
acetylcholine than the whole worm, reacting to 10,000 times lower concentration 
than the latter Besides, a quahtative change in the response to acetylchoUne 
appeared at lelatively higher dose level Thus while a dose as high as 50 ug/ml 
produced contrachonm the whole worm preparahon, a concentration of 50 
ng/ml lesulted in a biphasic response in the nerve-muscle pieparation (Fig 3) 
,,] '''.'lV.yi>lWMA.M ^.^I»./«__I1, , 
Ack 5 »*''"• Ach SO " ^ " l 
Fig 3 Effect of acetylcholine on the spontaneous movement of the nerve-muscle 
preparation of S ca oi The arrows indicate the time of addition of acetylcholine to the 
bath A concentration of 5 ng/ml increased the tone as well as the amplitude of 
contractions Recovery to original level was obtained after about 30 minutes A higher 
concentration (50 ng/ml) produced a biphasic response consisting of an initial 
stimulation characterised by an increase in tone and subsequent paralysis 
The latter response consisted of an intial contraction followed by 
relaxation Increasing the dose of acetylcholine resulted in enhancement of both 
these responses These findings not only demonstrate the effectiveness of a 
cuticular barrier in the whole worm but also show similarity in the effects of 
depolarising agents on nerve-muscle preparation of S ceroi and mammaban 
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skeletal nerve-muscle preparation The nerve- muscle preparation of A 
lumbiicoides is stimulated by acetylcholine (Baldwin and Moyle 1947, 1949) and 
there is no subsequent paralysis On the other hand, the ihythmical movements 
of whole worm and the deganghated preparahon of hvei fluke, F licpatica, are 
inhibited by acetylchohne (Chance and Mansour 1953) These differences in 
response to acetylcholine of different worms clearly indicate differences in the 
nature of cholinergic receptors among parasitic helminths Not only the 
differences exist between nematode and trematode but also amongst nematodes 
It is not surpnsing since the habitat of ascans and setaria differ widely from 
each other Acetylcholine response is not blocked by atropine in ascans 
(Baldwin and Moyle 1947, 1949) as well as in setaria, d-tubocuranne blocked it 
only partially in setaria and completely in ascans (Baldwin and Moyle 1949 
Norton and de Beer 1957) Both atropine and curare blocked the acetylcholine 
response only partially in F hepaticn (Chance and Mansour 1953) These 
differences suggest that the mechanism of chohnergic activation is different in 
the three helminths although the neurohumor is the same 
Caibachol, which was found ineffective in modifying the movements of 
the whole worm, exhibited a quahtative similanty with the effect of 
acetylcholine on nerve-muscle preparation (Fig 4) Although the response is 
similar in nature, the dose of carbachol required to produce an equivalent effect 
was relatively high The initial phase of stimulation, as observed with 
acetylcholine, was paitially blocked by pnor addition of d tubocuranne to the 
bath fluid thus exhibiting similarity in the nature of receptors on which these 
tow drugs act fhe lack of effect of carbachol on the whole worm can be 
attntuted to its inability to cross the cuticular barner 
t 
CARBACHOL 
50 ng/ml 
CARBACHOL 
500 ng/ml 
Fig 4 Effect of carbachol on the spontaneous movements of the neive-muscle 
preparation of S ceiv: The arrows indicate the time of addition of carbachol to the bath 
A concentration of 50 ng/ml increased the tone as well as the amplitude of contractions 
Recovery to original level was obtained after about 5 minutes A higher concentration 
caused an initial stimulation characterized by an increase in lone and subsequent 
paralysis 
85 
206 
The knowledge acquired related to the role of neurohumors in nematodes 
offers an opportunity to study the behaviour of the worm in and outside the 
host and to design strategy for then effechve control Drugs which can gain 
access to the parasite while in bodv of the host and are capable of selectively 
2 
PIPERAZINE 50/ug/ml 
HOU«S 0 I 
Fig 5 Effect of piperazine onthe spontaneous movements ot the whole worm of S 
cervt The first arrow indicates the time of addition of piperazine to the bath and 
subsequent arrows indicate the time in hours following drug addition A concentration 
of 50 ug/ml decreased the tone as well as the amplitude of contraction resulting in 
complete paralysis of the worm in about 5 minutes The recovery to original contractions 
started after about 2 hours 
yV*m„^*'H..»^^'i|t 
lEVAMISOLt 
5 no/ml snq/ti 
Fig 6 Effect of different concentrations of levamisole on the spontaneous 
movements of the whole worm of S ceivi Arrows indicate the time of addition of the 
drug to the bath A concentration of 5 ng/ml increased the tone of contractions, which 
retruned to normal in about 90 minutes A higher concentration (25 ng/ml) produced 
a biphasic response consisting of an initial stimulation characterized by an increase m 
tone and subsequent paralysis 
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either blocking, potentiaining acetylcholine response or potentiating 5-HT 
rsponse or interfering with any of the essential biochemical pathways of 
metabohsm are more Ukely to be of value as potential anthelmintcs. Although 
not investigated on these Unes, many of the successful drugs in use for the 
treatment of nematode infestations including piperazine (Fig 5), levamisole (Fig. 
6), DEC (Fig 7) , mebendazole (Fig 8) and others act by interfering with the 
chohnergic system of the parasites. 
S-Hydroxytryptamine has been shown to be ineffective in ascaris 
preparation (Baldwin and Moyle 1949), while it causes stimulation of the 
rhythmical movements of F. hepatica (Mansour 1957). The effect of 5-HT in the 
nerve-muscle preparation of S.cervi again shows the effectiveness of the 
cuticular barrier. Thus, while being totaly unable to penetrate the cuticle in the 
whole worm, consequently showing no effect upto a concentration of 500 
WHOLE WORM 
MIN 
NERVE-MUSCLE PREPARATION 
'.v. ') ' i I , . . , t 
MIN 
11 ' I K i . 
DEC ioong/mi 
Fig 7 : Effect ol diethylcarbamazine (UhC) on the spontaneous movements of the 
whole worm (top and middle panel) and the nerve-muscle preparation (bottom panel) of 
S. cervi. Arrows indicate the addition of diethylcarbamazine to the bath. A concentration 
of 5 ug/ml increased the amplitude of contractions of the whole worm (top panel), while 
a higher concentration of (50 ug/ml) produced a biphasic response consisting of an initial 
stimulation characterized by increase in tone and subsequent irreversible paralysis 
(middle panel). On the nerve-muscle preparation, diethylcarbamazine (500 ng/ml) 
produced an initial short lasting (about 1 min.) stimulation, characterized by increase in 
tone followed by irreversible paralysis. 
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Fig, 8 : Lllect ot dilterent concentrations ol mebendazole on the spontaneous 
movements of the nerve-muscle preparation of S. cervi. Arrows indicate the time of 
addition of mebendazole to the bath. A concentration of 5 ng/ml increased the amplitude 
of contractions (top panel) Vi^ hich was more marked with higher concentration of 25 
ng/ml (middle panel) A still higher dose (Sn ng/ml) caused irreversible paralysis 
(bottom panel) 
Fig. 9 : Effect of 5-MT on the spontaneous movements of the ner\e-muscle 
preparation of S. cewi. Arrows indicate the addition of the drugs. In the upper left panel 
a concentration of 500 pg/ml produced a transient decrease in the amplitude of 
contractions. Upper right panel - 50 ng/ml caused a marked decrease in amplitude and a 
slight decrease m tone. The effect lasted for over 6 hours. Lower left panel - a still higher 
concentralion (250 ng/ml) caused a sharp decrease in amplitude as well as in the 
preparation. Lower right panel - the effect of 5 HT (50 ng/ml) was not blocked by prior 
addition of methysergide (shown by first arrow) to the bath. 
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ug/ml, 5-HT inWbited the movements of nerve-muscle preparation in 
concentration as low as 500 peg/ml (Fig. 9). This finding suggests the existence 
of inhibitory tryptaminergic receptors in S. cei-vi. However, these receptors are 
different from classical mammalian receptors in that they are neither blocked by 
methysergide nor by morphine. 
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SUMMARY 
Intestinal helmintic infections constitute prevalent parasitic diseases in the 
world. For developing ideal chemotherapeutic agents it is essential to have 
reliable screening models in suitable animal host. The test parasite need be 
toxonomically and biologically close target parasite, with a short life cycle. 
In-vitro screening attempted by several investigators has failed to lead 
any agent to critical stage of field or clinical trial. These methods can wi<h 
advantage be employed for elucidating the mechanism of action and studies 
related to providing chemical lead for designing agents capable of acting on 
target biochemical reactions or pharmacological processes. 
Several screening models including the use of Hymenolepis nana-mouse 
system for tape worms, Nippostrongylus—rat system, Nematospiroides 
dubius - mice system and Ancylostoma ceylanicum-hamster system for hook 
worms and Syphacia obvelata and/or Aspiculuris tetraptera-mce system for 
round and pinworms have been found relatively more suitable for primary 
screening for potential anthelmintics. However, none of these methods 
is ideal and unrelated responses are not uncommon, while designing a screening 
programme, it is desirable to include more than one parasite, whenever possible, 
for greater reliability. 
Preclinical Evaluation Anthelmintics 
Control and prevention of parasitic and the life cycle of the parasite, 
diseases depends on an adequate know- Sociocultural factors in large part deter-
ledge of interactions among factors such mine transmission and persistence of 
as human behaviour, the environment parasites. The main determinants are 
91 
Singhal Vol. 28 
poverty, low educational level, deficien-
cies in home technologies, high demo-
graphic density and ruralism. Selected 
interventions designed to improve any 
of these situations may fail if they are 
applied in isolated manner. The holistic 
implementation of interventions has 
proved to be successful in the control 
and prevention of parasitic infections In 
several parts of the world. The imple-
mentation of several kinds of interven-
tions simultaneously, that is, a holistic 
approach, combined with an awareness 
of societies inf rastrucuture, can produce 
favourable results. For such an 
awarertess when it provokes action can 
improve overall quality of life. 
Parasitic diseases are capable of 
producing a broad spectrum of disease 
syndrome. The economics of developing 
countries are retarded by their presence, 
as infections result in high morbidity 
rates, loss of working days, decline in 
out put at both the individual and com-
munity level, and the use of sparse 
financial resources for curative treatment 
rather than prevention. 
About 1 billion people are hosts to 
Ascaris lumbrfcoides. About 25% of the 
mankind is infected with Ancy/ostoma 
duodenale or Necator americanus. 
Strongyloides stercoralis (strongy-
lodiasis) has the same geogrephical 
distribution as hookworms, but is less 
common. 
It is estimated that 650 million people 
throughout the world are infected with 
ascaris, 450 million with ancylostoma, 
250 million with filaria, 180 million with 
blood schistosoma and 20 million with 
onchocerca (Mansour, 1979). 
All parasitic nematodes possess certain 
common characteristics. All are charac-
terized by their elongate cylindrical 
unsegmented bodies and glistening 
cutlcula. Nematodes possess a simple, 
tubular alimentry canal which includes 
an anterior mouth and a posterior anus. 
Intestinal species range in size from 
those that are essentially microscopic or 
a few mm long to 35 mm or more. The 
life cycle of the intestinal rwmatodes fall 
into one of several categories on the 
basis of developmental sequence: direct, 
modified direct and skin penetrating 
types. With the direct type, no inter-
mediate host is required. Ascaris 
lumbricoides eggs are unsegmented 
when passed in feces and require a 
period for embryonation before becom-
ing infective for human. 
Members of skin penetrating type pass 
partially developed eggs or rhabditiform 
larvae in the stool. Such larvae continue 
to grow, molt several times, and become 
transformed into infective or filariform 
larvae capable of penetrating the 
exposed skin surface of human. 
The life cycle of "Ascaris", "Trichuris" 
and hookworms is similar, involving no 
intermediate host, but rather fecal excre-
tion of a non infectious egg into soil, 
-^ ts development into an infectious form 
and then direct transmission to the 
human without vector, in a sense, the 
soil works like the intermediate host in 
which essential biological transformation 
occurs. These organisms do not multiply 
within the human body. 
Helminth infections are specific in 
their hosts. Whenever possible it is 
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preferable to screen drugs m experi-
mental animals against the target 
organisms. However, iiuman infections 
with the exception of Ancvlostoma 
ceylanicum and Hymenolepis nana can 
not be transferred to laboratory animals. 
Consequently, as with malaria or filaria, 
chemotherapeutic screening must be 
done on a suitable related parasite, 
which is not completely identical with 
the human parasite in its reactions. 
Screening Against Tapeworms : 
No progress has been made with 
regard to experimental work directed to 
the development of new method for 
screening potential taenicidal agents 
during last two decades. However, 
replacement of traditional method of 
treatment with the extract of male fern 
and mepacrine has gradually been made 
by the use of niclosamide or praziquintel. 
However, extensive preparation of 
patient by diet restriction and purging 
continues to avoid the danger of 
cysticerciasis leaves much to be 
desired. This is surprising that ideal 
drug is not available for a large conti-
nually growing organisms which must 
aljsorb all its nutrient through cuticle 
and offer ideal conditions for chemo-
therapeutic approach through selective 
action of drugs. 
Several cestodes including Hymenole-
pis diminuta, Oochoristica symmetrica 
and human parasite Hymenolepis nana 
can be maintained in mice (Holton, 
1947). 
Inspite of the world wide distribution 
of tapeworms, this class of helminths 
have recieved very little attention in 
experimental work directed towards the 
development of new effective anthel-
mintic. Ross (1927) developed a 
technique for study of drug action in 
vitro against scolices of Echinococous 
granulosus. Later Batham (1946) 
used Baldwin's (1943) technique for 
in-vitro tests on nematodes for similar 
observations on late mature or gravid 
proglottids of T. hydatigena or T. 
pisiformis. The observations of drug 
effect on the movements of the suspen-
ded proglottids failed to provide any 
lead for potential taenicidal agent. 
Similar attempt was made by Duguid 
and Heathcole (1950 a, b) by using 
suitable lengths of Mopiezia expansa 
suspended in Tyrode solution at 
39-40''C. On the basis of the effect on 
worm movements the drugs were 
classified as inactive, depressant, 
stimulant, stimulant followed by depres-
sion and lethal. Large number of 
chemicals unrelated with therapeutic 
efficacy were found to fall in each 
category. The false positive reactions 
were, therefore, a rule then exception. 
In-vitro Screening : 
The introduction of a technique for 
testing chemical compound against 
Hymenolepis nana in-vitro by Sen and 
Hawking (1960) is preferable and has 
widely been used as a primary screen 
by several workers 'Sen et al., 1965; 
Bhattacharya and Sen, 1965; Gupta 
and Katiyar, 1983). The mature H. nana 
obtained from infected mice are main-
tainea in a nutrient broth at pH 8.5 at 
30-34''C in a kjeldahl flask. The 
assessment of drug activity is made by 
the ability to kill in 24 hours. 
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In Vivo-Screening 
For primary screer>ing naturally 
acquired infection is not used because 
age range of tape worms is not 
known. This increases the variation 
in drug response. Technique advo-
cated for use include Hymenolepis 
nana, Hymenolepis diminuta and 
Oochoristica symmetrica in the mouse. 
Holton (1947) used a mixed natural 
infection of H. diminuta and H. nana 
in mice, the former being predominant 
for the chemotherapeutic studies. 
Holton's technique may suit well for the 
comparison of active substances, but 
for testing of new compounds as a 
technique it possesses many disadvan-
tages* Use of Oochoristica symmet-
rica—mice system requires the mainte-
nance of an intermediate host the larval 
stage of the museum beetle, Trogo-
derma Versicolor, the procedure is 
difficult and requires well trained staff 
and equipped laboratory (Rendtorff, 
1948). This method has, therefore, not 
gained popularity with investigators for 
screening potential taenicidal agents. 
Use of H. nana in mice is preferred 
because it is a human infection with a 
direct life cycle (development in the 
intermediate host Tribolium confusum 
is not obligatoiy), it has armed scolex 
similar to most of the pathogenic tape 
worms, chemotherapeutic correspon-
dence is similar to worms of human and 
veterinary importance. Further, because 
of relative resistance to anticistodal 
drugs any chemical showing efficacy 
against H nana is more likely to be 
effective against other cestodes. Follow-
ing introduction of H. nana-mce 
system by Steward (1955) the method 
has later been used by many workers 
(Sen and Hawking, 1960; Sen et al., 
1965; Bhattacharya and Sen, 1965; 
Katiyar and Sen, 1971; Singhal, 
1975; Singhal, 1976; Singh ef a / , 1978; 
Gupta et al., 1980). The details of 
method are given below. 
Mature H. nana are collected at auto-
psy from infected mice. The terminal 
gravid proglottids are removed and crush-
ed gently under a cover-slip and eggs 
freed. Eggs are counted in a haemocy-
tometer chamber, counting only those 
eggs which contained booklets and are 
apparently mature. Each mouse is given 
0.2 ml of suspension (200 eggs) by a 
stomach tube. Eggs from mature worms 
appear in faeces 14-15 days post infec-
tion. Mice are fasted in batches on 17th 
day after infection, treated with large 
single oral dose on 18th day, fasted 
again on 19th day and autopsied on kOth 
day. At autopsy entire small intestine is 
removed in a petri dish and tap water is 
pushed under pressure with the help of a 
syringe so as 'o push the contents out, 
and the number of worms recovered are 
counted. The caecum and rectum is also 
split open and examined for any possi-
ble bulk of worms moved by peristalsis. 
Tne spit open intestine is examined under 
dissecting microscope for any scolex 
left behined. Seme drugs may only 
remove ptoglottids and scolex remains 
unaffected give a false sense of effecti-
veness. But in due course the scolex 
regenerates to give rise to mature pro-
glottids. The absolute clearance of 
parasite a long-with scoiices from an 
individual animal is taken as the criterion 
for assessing effectiveness of a com-
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pound at a particular dose. The percent 
efficacy is calculated. One standard 
drug in effective concentration is used 
for comparison. 
Screening Against Nematodes 
In-Vitro Screening : 
Trendlenburg (1916) finding ascaris 
very refractory material resorted to the 
earth worm as a convinient alternative 
for in-vitro testing and demonstrated the 
paralysing response of santonin. How-
ever, earthworm which belongs to phy-
lum annelida having a different cuticular 
structure was found to have no correla-
tion in drug response with nematodes 
(Baldwin, 1948). The observation of 
lethal response of hexyl resorcinol on as-
caris was the first attempt to observe the 
effect of an anthelmintic on nematode 
(Lamson et al., 1930). On the basis of /n-
vitro effect the anthelmintics were classi-
fied into (a) cause temporary narcosis or 
paralysis followed by recovery (b) narco-
sis or paralysis followed by death (c) 
injury to cuticle (d) digestion of the 
parasite (e) unexplained death (Lamson 
and Brown, 1932;. 
Goodwin (1958) described a method 
for recording the effects of anthelmintics 
on the movements of Ascaris iumbri-
coides suspended in a an isolated organ 
bath containing tyrode solution at 37' C. 
Stiching of the worm to the base of bath 
and recording lever, damage the cuticle, 
constricts the alimentary canal and cause 
some impediment to the movements. A 
suitable method was devised in which 
worm is introduced into a fine nylon 
stocking. The open end is closed 
behind the worm with a rubber band or 
stiches and is attached to the base of 
the bath with a hook. The closed end 
of the stocking with anterior end of the 
worm is attached to a frontal writing 
lever with sufficient counter weight to 
keep the worm upright in the bath. 
Movements of the worm tube can be 
recorded on a slow drum with magnifi-
cation. N« oxygen or air should be 
bubbled through the nutrient solution 
as ascaris is an anaerobe. 
Norton and De Beer (1957) suggested 
an improvement in in-vitro testing for 
anthelmintic drugs they used two more 
preparations besides using the whole 
worm. 
Anterior half inch of ascaris is 
cut off to eliminate the influence of 
cervical ganglia. The anterior portion 
is split along one line from ventral 
side and intestinal tract gently pulled out 
and two strips of the ventral muscle are 
cut off longitudinally along lateral 
canals. The dorsal muscle thus separa-
ted constitute an essentially a nerve-
muscle preparation. The preparation is 
mounted in an organ bath containing 
tyrode solution at 37''C and movements 
recorded. 
Kerr and Cavett (1951) used 
Ascaridia galli, a common intestinal 
nematode of fowl inplace of A. 
lumbricoides. Ascaridia galli (maxi-
mum lenght 4') was suspended 
in 1 % NaCI solution in an isolated 
organ bath at 37*C. Movements were 
recorded on a kymograph moving at a 
rate of 20 mm per minute. Worms 
95 
6 Singhal 
remain alive for 24 hrs at ST'C in 1 % 
saline. Five minutes were allowed to 
establish normal activity and 10-15 
minutes was taken as sufficient time to 
determirw whether the test substance 
effect the movements of worms. Fresh 
worm was used each time even though 
the substance have no effect. Two types 
of effects were observed. 
(a) Nicotinic effect-increased mucsle 
tone followed by relaxation. 
(b) Atropine like effect - decreased 
muscle tone or relaxation, (paraly-
sis) 
In-vivo screening: 
Nippostrongylus brasilience and 
Nematospiroides dubius (both Trichos-
trongylidae. Heligniosomlnae) have been 
extensively used for the preliminary 
screening of potential antihookworm 
compounds (Copp et al., 1958; Standen, 
1963). Although, the nvsrphological 
relationship or trichostrongylus and 
ancylostoma is less obvious, their 
chemotherapeutic response to bepheni-
um was shown to be similar. Barakat 
(1951) developed a technique for 
culture of nippostrongylus eggs to 
infective larval stage. This was subse-
quently modified by Keeling (1960) and 
suggested its use as a screening 
method. 
A^ . brasiliense lives in upper third 
of small intestine Fertile eggs 8-11 
cell stage are passed in the faeces. 
Faeces mixed with granular charcoal to 
a creamy consistency is spread on cen-
tral area of filter papers. Margin of 
0. 5-1 cm is left clear. Each filter paper 
is placed on the table of small pabbles 
Vol. 28 
dipped in water with faeces upper most. 
The dishes are incubated in dark at 27*C 
for 7 days. During the period infective 
larvae develop and migrate towards the 
margin of the filter paper and are found 
at a fringe. 
Larvae are harvested and counted. 
Rats are infected by 200 larvae injected 
subcutaneously in the neck. About 
40-50% develop to adult stage and 
eggs appear in the faeces 6—8 days 
after infection. Drug is administered 
orally from 12th day and autopsy on 
18th day after infection. Counts are 
made by removal of the entire small 
intestine which is examined by the crush 
method between sheets of plate glass. 
The red tinted worms may be counted 
without removal from the gut. 
Nematospiroides dubius infection in 
mouse persits for upto 8 months and 
was found, in general, more susceptible 
to anthelmintics (Baker, 1954; Hewitt 
and Gumble 1957; Lynch and Nelson, 
1959, and Sheffield et al., 1959). The 
infective larvae are cultured as with 
N. brasiliense and mice are infected 
with 100 larvae each by stomach tube. 
The larvae penetrate the wa'l or small 
intestine and develop to the adult stage, 
each contained within a nodule which 
is pale at first but which later becomes 
red The worms reenter the lumen of 
the gut 6 8 days after inoculation and 
eggs appear in faeces by 8 - 9th day. 
About 40-45% of larvae develop of 
adult stage, and drug testing may 
commence at any time after maturity of 
the worms as with N. brasiliense. 
Ancylostoma ceylanicum (Ancylos-
tomatidae) a hookworm of man, dog 
and cat can also infect golden hamsters 
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(Ray and Bhopale, 1972) which is 
suitable laboratory animal. Because of 
greater correspondence of A. ceylani-
cum in its reaction to drugs as 
compared to N. brasiliense and A^ . 
dubius It is preferable for routine 
primary screening (Misra et a/.. 
1981). 
Hamsters of either sex, weighing 
40—60 g are fed with 6 0 ± 5 larvae of 
A. ceylanicium. These attain maturity 
by 13th to 17th day. Regular screening 
is carried cut in animals having 18 to 
20 day old parasites. The faeces of 
infected hamsters are examined for ova 
and the animals found positive are used 
for screening. The technique which 
is followed in this institute is essentially 
that of Ray et a I (1978) with slight 
modifications. The test compounds 
and plant extracts are administered 
orally in the initial doses of 250 mg/kg 
X 3 and I g/kg X 3 respectively, using 
3 animals at each dose level. A group 
of 3 untreated animals serves as control. 
A known antihookworm drug is also 
tested simultaneously as the standard. 
Insoluble compounds are made into 
fine suspension with a little Tween 80. 
Plant extracts are dissolved in water or 
permissible amount of solvents indica-
ted. Prior to drug administration, the 
food is withheld for 6—8 hrs. All the 
experimental and control animals are 
sacrificed on third day of the last dose. 
The intestine from each animal is 
removed, split open and examined for 
worms. The worms recovered from 
treated animals are compared with those 
of control group. The percent activity 
is calculated by the relation N-n X 100, 
Where 'N ' is the average number of 
worms in control group and ' n ' is the 
average number of worms obtained from 
treated group. 
Screening Against Oxyurids 
Oxyurid worms Syphacia obvelata 
and Aspiculuris tetraptera are most 
widely used nematodes in experimental 
chemotheraphy. Being natural occuring 
pin worms of mice they are readily 
available, have a short incubation period, 
no intermediate host is required and 
numerous reference anthelmintics for 
comparative evaluation of new active 
substances. Prince (1950) studied the 
life cycle of S. obvelata. Chan (1952 a) 
described its morphological relationship 
to the human pin worms, Enterobius 
vermicularis. Other investigators (Chan 
1952 b; Thompson and Reinertson, 
1952; Brown, et a/., 1954; Brown 
et a/.. 1954a; Harefenist et a/., 1957; 
Lynch and Hoegl, 1959; Burrows and 
Hunt, 1960; Singhal, 1975,1976) found 
that the S. obve/ata-mouse system was 
adequate for the laboratory evaluation 
of anthelmintic activity on the basis of 
worm elimination clinical studies and 
field trials demonstrated that com-
pounds capable of eradicating S. obve-
lata from laboratory mice were effective 
against related species in human and 
farm animals (Loughlin et al., 1951 
Brown and Chan, 1955; Kelly et a!., 
1956). 
Intestinal helmintics infections are 
most wide spread parasitic diseases of 
man and live stock in the world. 
Although, incidence is alarmingly high 
in Developing and tropical countries 
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little attention has been paid to find suit-
able remedies to i-emove them. Lack of 
correspondence of experimental models 
with target parasites in reaction to drugs 
has been one major factor in slow pace 
of development of drugs. The possibility 
of affecting the biochemical profile 
and neurohumoral transmission in 
parasites with drugs requires to be 
explored for designing strategy for 
finding suitable chemotherapeutic 
remedies. Introduction, in recent past, 
of non toxic broad spectrum agents 
like mebendazole and pyrantel pamoate 
has provided better tools to clinicians 
for helminth control. 
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EFEECr OF DIETHYLCARBAMAZINE ON SETARIA CERVl IN VITRO 
K-C SiNGHAL, B-R. MADAN* AND P.N. SAXENA 
Department of Pharmacology. 
Jawaharial Nehru Medical College, Aligarh-202001 
Summary: Diethylcarbamazine (DEC) produced an initial stimulation followed by depression of the 
movements of the intact wonn and nerve-muscle preparation of Setaria cervi. The effective concentra-
tion of DEC was reduced to one hundredth in the nerve-muscle preparation as compared to the whole 
worm, suggesting that the cuticular barrier is highly effective in preventing the penetration of the drugs. 
The depressant effect of DEC was concentration dependent and was not reversed even after repeated 
changes of the bath fluid. The worms consumed 7.7 mg±Q.2 glucose/g wet weight/hr. The consumption 
of glucose was directly proportional to its motor activity; it increased during the stimulant phase with 
low doses of DEC and decreased during the depressant phase. 
Key words: diethylcarbamaane Setaria cervi glucose consumption 
Diethylcarbamazine (DEQ requires a concentration of 750 /tg/w/ to reduce the survival 
time of 100% of a group of adult Setaria cervi from 75 to 24 hr in a continuous perfusion experi-
ment (13). Other species of filarial worm, too, are scarcely affected by the drug in vitro. Thus DEC 
reduced the survival of Litomosoides carinii from 17 days to 3, 5 and 14 days at the respective 
concentrations of 500, 200 and 100 mgjml of the medium (4), Although the in vivo lethal concen-
trations of DEC are immensely high to be of any therapeutic value, it would still be interesting to 
investigate the nature of this lethal action of the drug on the adult Setaria cervi. 
MATERIALS AND METHODS 
Adult Setaria cervi (Nematoda-Filarioidea) were picked up from the peritoneal cavity of the 
freshly slaughtered cattle and brought to the laboratory in a vacuum flask containing "modified 
Ringer" (13) solution at 37'C. 
The effects of DEC on the spontaneous movements of the intact worm and on the nerve-
muscle preparation were studied by the methods described elsewhere (11, 12). 
Live adult S. cervi were placed on filter paper for one min in order to wipe off the excess 
of Ringer fluid. A group of 10 worms was then transferred onto another piece of tissue paper 
and weighed. Each group was placed in 100 ml Ringer solution at 37°C. From each beaker, 0.05 
ml samples were drawn with the help of a pipette at hrly intervals up to 3 hr. The concentration 
of glucose was estimated in all the samples by the colorimetric method (6). 
To study the effect of DEC on glucose consumption, worms were placed in Ringef solution 
containing different concentrations of the drug (5, 10, 25, 50 and 100 fig/ml). Samples from each 
beaker were taken at hrly intervals and concentrations of glucose estimated. Each dose of the 
* Present address: Department of Pharmacology, Medical Collie, Bikaner-334(X)1. 
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drug was tested on five groups of 10 worms each for three consecutive hr. Mean glucose consump-
tion was calculated on the basis of their body weight and expressed as mg glucose/g wet weight of 
worms/hr. 
RESULTS 
Effect of DEC on the spontaneous movements: 
Fig. 1 shows the effect of DEC on the movements of the intact worm (upjier and middle 
panel) and on the nerve muscle preparation (lower panel). 
(fFECT OF OlETHrlCAUAMAZINt ON THf 
MOVEMENTS Of SETAHIA CEHVl 
WHOLE WOKM 
\0Mi^'^' 
i (Ug/rri 
^ ' i ' l ' ^ w ^ f - ' • >• 
DEC -^0 ^Xlh 
IVE-MUSCLE rilErARATION 
Fig. 1: Effect of DEC on the spontaneous movements of the 
whole wonn (top and middle panel) and the nerve-
musde preparation (bottom panel) of S. eervi. Arrows 
indicate the time of addition of DEC to the bath. A 
concentration of S (jig/m/ increased the amplitude of 
contractions of the whole worm ttop panel) while a 
higher concentration of SO |i^/m/ produced a biphasic 
response consisting of an initial stimulation 
diaracterized by increase in tone and subsequent 
ineversible paralysis (middle panel). On the nerve-
muscle preparation, DEC (500 ngjml) produced an 
initial short lasting (about 1 min) stimulation 
characterized by increase in tone followed by 
irreversible paralysis. Time mark, 1 min. 
5 fig/mt of DEC caused a short-lasting (about 15 min) increase in the amplitude as well as 
the tone (upper panel). The frequency of movements was not visibly affected. 50 lig/ml of DEC 
caused an initial stimulation of the spontaneous movements characterised by an increase in tone 
only (middle panel). The amplitude and the frequency of movements were also reduced. About 15 
min later the tone started decreasing till it reached well below the original level. Simultaneously 
there was reduction in the amplitude as well and the movements ceased completely about 25 min 
after the addition of the drug. Movements could not be reitored even after repeated washings. 
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"With 500 ngjml DEC the initial stimulation produced was of short duration (about 1 min) and was 
characterised by increase in tone only. This was followed by decrease in amplitude, frequency 
and the tone ofspontaneous movements. After about 10 min the movements became infrequent and 
ceased completely in another 15 min. Repeated changes of the bathing fluid were ineffective in 
restoring the movements (lower panel). Thus 500 ng of DEC produced an effect in the nerve muscle 
preparations which was greater than that produced by 50 y.g of the drug in the intact worm. 
Effect of DEC on glucose consumption <^ adult S. ccrvi: 
Table I shows the average glucose consumption of adult S. cervi and its alteration by addi-
tion of DEC in varying concentrations. The worms consumed 7.7 mg glucose/g wet body weight/hr 
in the Ringer solution. 
Table I: Effect of dietbylcarbamariue on the glucose consumption of adult Setaria cervi in vitro. 
Drug 
ConU-ol* 
Diethylcarbamazine* * 
5 
10 
25 
50 
100 
Glucose consumption 
mgislhr (,mem^S.E) 
7.70i:0.2 
8.47±0.31 
7.12±0.18 
5.80i:0.43 
O.80±0.12 
— 
P value 
<.02 
<.001 
<.001 
<.001 
Percentage change from 
the control \alue 
+ 10 
— 1 
—25 
—90 
— 
* Figure represents the mean of 30 observations carried out with 10 groups of 10 worms eadi for 3 consecutive hr. 
** Figures represent the mean of 15 observations carried out with 5 groups of 10 worms each for 3 consecutive hr. 
5 fig/nil DEC increased the glucose consumption of the worms by 10 per cent. Further 
increase in the concentration decreased the consumption of glucose which was dose-dependent. 
Thus, decrease in glucose consumption was 7 %,. 25 %, 90 % and 100% at concentrations of 10,25, 
50 and 100 |*f/w/ of DEC, respectively. At the concentration of 100 [kg/ml the worms were paralysed 
and no detectable amount of glucose was consumed by them. 
DISCUSSION 
The stimulation of the spontaneous movements with a low concentration (5 (A?/m/)of DEC 
in the intact adult worm (top record in Fig. 1) was much less in duration as well as in intensity in 
the nerve-muscle preparation, althdugh the sensitivity of the nerve-muscle preparation was 100 
times more than the whole worm. This stimulant effect, therefore, appears to be a non-specific 
irritant effect exerted on the subcuticula. The increased physical activity of the worm is reflected in 
the increase in glucose consumption at this concentration of DEC (Table I). 
The other effect consisting of an initial transitory stimulation followed by depression (middle 
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and lower panels of Fig. 1) was similar in both the intact as well as the nerve-muscle preparation. 
Since this effect occurred inspite of the removal of the cuticula and subcuticula, it appeared to be 
exerted upon the nerve-muscle complex and may therefore be termed as "specific" effect. However, 
the concentration required to produce this effect in the intact worm was 100 times higher than in 
the nerve-muscle preparation suggesting that the cuticular barrier is highly effective in preventing 
the penetration of the drug. The existence of cuticular barrier has been shown for other drugs 
as well (12). 
The depressant effect of DEC on the worm was concentration dependent (Fig. I) and as the 
spontaneous activity decreased, a parallel reduction occurred in the consumption of glucose (Table 
I). The normal glucose consumption of 7.7 mgig body weight of S. cervi is lower than that found in 
L. carina by Bueding (3) which was 21 mglg. 
Great variations in the rate of glucose consumption are found in different species of nema-
todes. The factors playing a decisive role in limiting the glucose utilization include the size, meta-
bolic pattern and the habitat of the parasite. Thus, besides being smaller in size L. carinii differs 
from S. cervi in habitat as well. The former resides in the pleural cavity of cotton rat under a rich 
supply of oxygen and the latter in the peritoneal cavity where the oxygen availability is less. The 
differences also exist in the metabolic pattern of the two parasites especially regarding the enzymes 
of phosphoenol pyruvate succinate pathway (1). 
The paralysis caused by 50 [kg/mi DEC was complete and irreversible indicating death of the 
worm (Fig. 1). This is a high concentration and is not likely to be achieved inside the body with 
usual doses. The finding lends support to an earlier observation (10) of recovering live worms in 
the peritoneal cavity of rats following oral administration of 100 mgfkg DEC for 6 days. It is also 
in agreement with similar earlier reports that DEC is devoid of lethal effect on the adult worm 
in vivo in L. carinii {4,5) in rat and O. volvulus and Loa ha (2) in man. Further, the finding-explains 
the recurrence of microfilaremia in patients cured of symptoms by the drug. The elimination or 
suppression of microfilariae from the peripheral blood following DEC administration in experi-
mental (9, 10) and clinical infestation is therefore suggested to be due either to an action on the 
circulating microfilariae or on the reproductive potential, rather than due to any lethal effect on the 
worm. Such a suggestion has also been put forward by many wwkers (4,7,8,14). 
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ANTIFILARIAL ACTIVnY OF LEVAMISOLE 
HYDROCHLORIDE ON SETARIA CERVI 
K. C. SINGHAL and P. N. SAXENA 
Department of Pharmacology, J. N. Medical College, Aligarh-202 001 
Abstract. Levamisole hydrochloride in low concentration (5 ng/ml) stimulated the movements of 
the whole worm as well as of the nerve-muscle complex of Setaria cervi suspended in an isolated organ 
bath. At higher concentration (23 ng/ml) the response was biphasic consisting of initial stimulation 
followed by irreversible paralj sis. The mitial stimulant effect is not due to release of ACh as it is not 
blocked by prior addition of d-tubocurarine to the bath fluid. Levamisole in S x 25 mg/kg daily 
dose caused disappearance of microfilariae from the peripheral circulation in 7 of the 8 rats treated. 
The drug at this dose level had some macrofilaricidal action as well. A higher dose of S x 50 mg/kg 
daily caused complete disappearance of microfilariae from peripheral circulation of all the rats and 
produced a significant lethal effect on the adult worms. The antifilarial efficacy of the drug needs 
evaluation in domestic animals and men. 
Key Phrases. Levamisole Selaria cervl Antifilarial activity 
Introduction 
Setaria cervi-rat system can be 
used as an alternate means to screen 
potential antifilarial agents (Singhal 
et al., 1969; Singhal, Chandra and 
Saxena, 1972). This system seems to 
meet the requirements of a good labo-
ratory evaluation test because uni-
form infection is readily reproducible 
in test animals; the onset of micro-
filaremia is quick (10 + 3 days) and 
duration sufficient (54 ±6 days) to 
enable to assess the efficacy of the 
drug; host is small and the response 
of drugs bears similarity to human 
filarial infection. 
Levamisole (laevorotatory isomer 
of tetramisole) has significant micro 
aikl macro-filaricidal action against 
Litomosoides carinii infection of Mas-
tomys natalensis (Lammler, Herzog 
and Schutze, 1971), Breinlia sergenti 
infection of Nycticebus coucang (Za-
man and Natarajan, 1973) and sub-
periodic Brugia malayi infection of 
domestic cat (Joon-Wah, Zaman and 
Sivanandam, 1974). The aim of the 
present study was to investigate the 
effect of levamisole against S. cervi 
infection in rats and to study its effect 
on the movements of the whole worm 
and the nerve-muscle complex of S. 
cervi. 
Materials and methods 
Adult S. cervi were obtained from 
the peritoneal cavity of the freshly 
slaughtered cattle. In laboratory, the 
infection was maintained in rat by 
the method described earlier (Singhal 
et al, 1969, 1972). Rats which had 
shown microfilariae in their peri-
pheral blood for three consecutive 
days were divided in groups of 5-10 
and treated orally with different 
dosages of levamisole in single daily 
dose for 5 consecutive days. Peri-
pheral blood was examined daily and 
complete disappearance of micro-
filariae for 3 consecutive days was 
taken as evidence of antifilarial ac-
tion. Autopsy was performed on 
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50% of animals 14 days after the 
begiiming of treatment. Adult fila-
riae were removed from peritoneal 
or pleural cavities, counted and 
examined for mobility and viability. 
In the remaining rats the peripheral 
blood was examined daily for the 
reappearance of microfilariae. 
The effect of levamisole on the 
movements of the whole worm and on 
the nerve-muscle complex of S. cervi 
was studied by the methods described 
earlier (Singhal et al, 1975; Singhal, 
Madan and Saxena, 1977). 
Results 
The addition of levamisole in a 
concentration of 5 ng/ml to the bath 
fluid caused immediate increase in 
the tone as well as the rate of contrac-
tion (from 5 per min to 8 per min) 
of the whole worm. The ampUtude 
was reduced. After about 5 min the 
amplitude of spontaneous contrac-
tions started increasing and the rate 
started decreasing. Recovery to the 
original rate and amplitude was ob-
tained after about 10 min, although 
the tone remained high. The recovery 
in tone started about 45 min after 
the addition of the drug and was com-
pletely recovered after about 90 min 
(upper panel of Fig. 1). 
When the concentration of the drug 
was increased to 25 ng/mi the dura-
tion of stimulation was markedly 
reduced. There was an initial transi-
tory increase in the tone lasting for 
MINUTES 
LEVAMISALC 
25 ng/ml 
Fig. 1 Effect of levamisole on the spontaneous movements of the whole worm oiS. cervi. Arrows 
indicate the time of addition of levamisole to the bath. A cone, oi 5 ng/ml inoeased the tone 
of contractions (top panel) while a higher cone, of 23 ng/ml produced a biphasic response 
consisting of an initial stimulation and subsequmt irreversible paralysis (lower panel). 
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nearly a minute followed by relaxa-
tion. The amplitude was much re-
duced but the frequency was not 
appreciably aflfected. The movements 
ceased entirely after about 15 min. 
Movements did not return to normal 
even after repeated washings (Lower 
panel of Fig. 1). 
The effect of levamisole on the 
nerve-muscle complex was similar 
in nature to that observed with the 
whole worm. However, the concen-
tration required to produce an equi-
valent effect in the nerve-muscle com-
plex was about 1/Sth of that required 
with the whole worm. 
Our earlier findings suggest that 
acetylcholine is the natural excitatory 
transmitter at the Setaria neuromus-
cular junction (Singhal et al., 1975, 
1977). To test whether levamisole 
acted through the release of acetyl-
choline from the nerve endings, d-
tubocurarine 250 (ig/ml was added 
to the bath prior to the addition of 
levamisole. Although the dose of 
curare was sufiScient to partially block 
the effect of acetylcholine (Singhal 
et al, 1977), it did not suppress the 
^sponse to levamisole. 
\ r h e oral administration of leva-
miBole in doses of 5 x 5 or 10 mg/kg 
wak ineffective in eradicating the 
microfilariae from the peripheral 
circulation of rats. A higher dose of 
5x25 mg/kg caused disappearance 
of microfilariae 5-7 days after the 
start of therapy in 7 of the 8 rats. 
The effect of a still higher dose of 50 
mg/kg was evident even during the 
course of therapy and peripheral 
blood of 3 rats became negative for 
microfilariae on the 3rd day of treat-
ment and by 5th day all the rats 
showed disappearance of microfila-
riae from their peripheral circulation 
(Table 1). 
The effect of the drug was short 
lived and was mainly confined to 
the microfilariae. Microfilariae re-
appeared in the peripheral circulation 
of all the rats which had shown cure 
by the drug. The first evidence of 
reappearance of microfilariae was 
seen in a rat treated with 25 mg/kg 
of the drug on 19th day. Thereafter, 
within a week all the rats became 
positive. 
All the implanted worms could be 
recovered alive and actively motile 
from the peritoneal and pleural cavi-
ties of the rats receiving a dose upto 
10 mg/kg/day for 5 days at autopsy. 
These doses were also ineffective 
against microfilariae circulating in 
the peripheral blood. 
A higher dose of 5x25 mg/kg 
which caused disappearance of micro-
filariae from peripheral blood also 
killed some of the adult worms. 
Thus 2 worms one each in two rats 
were found dead from 16 implanted 
in 4 rats. The effect of 5 x 50 mg/kg 
dose was more dramatic on the 
adult worms. This concentration was 
lethal to 40%of the implanted worms. 
The mortality amongst male worms 
was higher than females being 75% 
in case of former, showing that adult 
females are less susceptible to the 
action of the drug. 
Discussion 
Stimulation of the worm charac-
109 
3U K. C. SINGHAL AND P. N. SAXENA 
Table 1 
Effect of various doses of levamisole bydrochloride on microfilariae and adult 
worms of Setaria cervi in rats 
Daily dose 
(mg/kg 
orally X 5) 
Control 
Treated 
5 
10 
25 
50 
Time of 
disappear-
ance of 
mf in days 
. „ ^ 
— 
— 
5-7 
3-5 
Survivors 
5/5 
10/10 
10/10 
8/8 
9/10 
Rats 
cleared 
of mf 
. 
— 
— 
7/8 
9/9 
Rats 
autopsied 
2 
5 
5 
4 
5 
No. of dead worms 
Male 
, 
— 
— 
1 
6 
Female 
— 
— 
I 
2 
inf= microfilariae 
terised by increase in tone only, with 
low doses of levamisole, is the result 
of sustained contraction of the soma-
tic muscle. With a higher dose the 
stimulatory phase though increased 
in intensity is reduced in duration 
and is followed by paralysis from 
which the worm does not recover. 
The nature of response was similar 
in both the intact as well as the nerve-
muscle complex, although a smaller 
dose of the drug was required to 
produce an equivalent effect in the 
latter preparation suggesting the 
existence of the cuticular barrier for 
the drugs. It is unlikely that contrac-
tion results from acetylcholine release 
by the nerve endings because it is not 
blocked by prior addition of d-
tubocurarine to the bath fluid. It 
has been shown earlier that d-tubo-
curarine is capable of partially block-
ing the stimulant effect of acetylcho-
line in the nerve-muscle complex of 
S. cervi (Singhal et al., 1977). 
It is of interest that a concentra-
tion of 25 ng/ml causes irreversible 
paralysis and consequent death of 
adult worm in vitro. If this concen-
tration of the drug could be presen-
ted to the worm in vivo it may prove 
to be macrofilaricidal as well. The 
death of some of the worms in rats 
treated with 25 and 50 mg/kg daily 
dose of levamisole may be attributed 
to such an effect of the drug. Less 
susceptibility of the females to the 
action of drugs is a matter of concern 
since the females are capable of res-
toring the microfilarial counts to 
preimplantation level although only 
upto a time when their stocks in the 
uterus are exhausted. 
The potential filaricidal activity 
of levamisole against the circulating 
microfilariae as well as the adult 
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worms might be of great interest in-
spite of the fact that relatively high 
doses are necessary to produce an 
effect. It, therefore, seems of value 
to investigate the filaricidal eflFective-
ness of the drug in comparison with 
other agents presently in use for 
treatment of the disease in domestic 
animals and man. 
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ANTinLARIAL ACTIVITY OF MEBENDAZOLE AGAINST 
SETARIA CERVI 
K. C. SINGHAL, B. R. MADAN* and P. N. SAXENA 
Department of Pharmacology 
J. N. Medical College 
Aligarh Muslim University, Aligarh 
Abstract, Mebendazole administered orally upto a dose of 500 mg/kg was ine£fective either in eradi-
cating microfilariae from the peripheral circulation of rats infected with Setaria cervi or in affecting the 
implanted adult worms. The lack of effect of mebendazole is likely due to its low absorption from the 
alimentary tract. Mebendazole was also ineffective in reducing the survival time of microfilariae in 
vitro. Mebendazole in low doses produced stimulation of the movements of adult worm and nerve-
muscle complex which was not blocked by prior additon of d-tubocurarine. This suggests that acetyl-
choline is not involved in bringing about the stimulant effect. At higher concentrations, the drug cau-
sed complete irreversible paralysis of the whole worm as well as the nerve-muscle complex of S. cenii. 
The dose required to produce an equivalent effect in the nerve-muscle complex was 1/lOth of that re-
quired for the whole worm suggesting the existence of a cuticular barrier. 
Key Phrases. Mebendazole Setaria cervi Antifilarial action 
Mebendazole (methyl 5 (6)-ben-
zoyl-2-benzimidazolyl carbamate) has 
a broad spectrum anthelmintic 
activity, affecting gastro-intestinal 
nematodes and those living in tra-
chea, Syngamus trachea (Van den 
Bossche, 1972). The drug is highly 
effective against Strongyloides, Tri-
churis, Trichinella, Ankylostoma, 
Necator, Enterobius and Ascaris 
(Pena Chavarria et al, 1973; Singhal 
et al., 1975). No report is available 
regarding the efficacy of mebenda-
zole on tissue helminths. However, 
Suardi (1972) demonstrated some 
beneficial effect of the drug in human 
filariasis. The present investigation 
was designed to investigate the effect 
of mebendazole against Setaria 
cervi infection in rats, that is on the 
movements of the whole worm and 
the nerve-muscle complex and on the 
survival of microfilariae in vitro. 
The method for collection, pre-
servation, i.p. implantation of S. 
cervi in rats, and the study of drugs 
on the adult worm and circulating 
microfilariae has been described by 
Singhal, Chandra and Saxena (1972) 
and Singhal, Saxena and Johri (1973). 
The effect of mebendazole on the 
movements of whole worm and on 
the nerve-muscle complex of S. cervi 
was studied by the methods described 
elsewhere (Singhal et al, 1975; Sin-
ghal, Madan and Saxena, 1977). 
Mebendazole was added in concen-
tration of 250 and 500 jig/ml to the 
suspension of microfilariae. A drop 
of suspension was placed on a 
slide, 100 microfilariae were counted 
under microscope and the number 
of motile microfilariae designated 
as percentage survival. 
Addition of mebendazole to the 
bath (5 ng/ml) increased the sponta-
* Present address: Department of Pharmacology, S. P. Medical College, Bikaner 
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neous movements of the nerve-muscle 
complex reaching maximum in about 
30 min. The tone and the frequency 
of movements were not altered. 
Recovery to the original amplitude 
was obtained after about 45 min 
(Fig. 1). With a dose of 25 ng/ml 
there was an initial increase in the 
tone lasting for 2-3 min, followed by 
marked increase in the amplitude, but 
a decrease in the frequency of move-
ments. Recovery to original level 
started after about 10-15 min and was 
complete in about 45-60 min. This 
stimulant effect was not modified 
by prior addition of d-tubocurarine 
250 ng/ml. 
Mebendazole 50 ng/ml completely 
abolished the movements in about 
5 min. Repeated changes of the bath 
fluid was ineffective in restoring the 
movements. 
The effect of mebendazole on the 
whole worm was similar in nature to 
that observed with the nerve-muscle 
complex. However, the concentra-
tion required to produce an equi-
valent effect in the whole worm was 
about 10 times of that required for 
the nerve-muscle complex. 
Mebendazole (oral) to a group of 
10 rats upto 50 mg/kg twice a day for 
7 days did neither affect the implanted 
worms nor the circulating micro-
filariae. In the control group, on the 
other hand, diethylcarbamazine in 
a dose 50 mg/kg twice a day orally 
produced complete disappearance of 
microfilariae from the peripheral 
circulation in 8 out of 10 rats. On the 
adult worms diethylcarbamazine had 
no effect. 
^f}S,.i!^^h>:J'i^'^^y^f*'Mi^!i 
Me b s n g . 
Fig. 1 Effect of different concentrations of 
mebendazole (Meb) on the spontaneous 
movements of the nerve-muscle complex 
of Setaria cervi. Arrows indicate the time 
of addition of the drug to the bath. 
In human plasma cent percent 
microfilariae survived up to a period 
of 48 h. The survival rate was reduced 
to 70% at the end of 96 h. Meben-
dazole in concentration of 250 and 
500 ng/ml had no effect on the sur-
vival of microfilariae as compared 
to control. 
Mebendazole stimulated the move-
ments of the whole worm in low 
doses, and paralysed the worm in 
high doses. Elimination of cuticular 
barrier in nerve-muscle complex re-
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duced the concentration of the drug 
to produce a similar effect. Acetyl-
choline has been sho>vn to have sti-
mulant effect on nerve-muscle com-
plex of S. cervi (Singhal et al, 1977). 
The initial stimulation, however, is 
imlikely from ACh release by meben-
dazole as it is not blocked by prior 
addition of d-tubocurarine. 
The response of mebendazole on 
the movements of S. cervi differed 
qualitatively from that produced by 
diethylcarbamazine (Singhal, Madan 
and Saxena, 1978) and levamisole 
(impublished observation). With 
diethylcarbamazine, stimulation was 
observed only on the whole worm 
and not in the nerve-muscle prepa-
ration. The stimulant effect seen with 
diethylcarbamazine and levamisole 
was characterised by increase in tone 
and not in amplitude whereas 
mebendazole produced a prominent 
increase in amplitude. The initial 
stimulant effect observed at high 
doses of diethylcarbamazine and leva-
misole was absent with mebenda-
zole. However, the paralysing effect 
was irreversible with all the three 
drugs. 
Macrofilaricidal effect of meben-
dazole in low concentration in vitro 
and lack of effect in vivo is due to its 
low absorption following oral admi-
nistration. Duke (1974) has also 
attributed the same reason for the 
ineffectiveness of mebendazole aga-
inst microfilariae and adult worms of 
Onchocerca volvulus. Mebendazole, 
however, shows some future promise 
to its potent macrofilaricidal action. 
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POTENTIAL ANTIFILARIAL ACTIVITY OF STREBLUS 
ASPER AGAINST SETARIA CERVI (NEMATODA : FILARIOIDEA) 
NAZNEEN PARVEEN, K. C. SINGHAL, NIZAM U. KHAN AND PARUL SINGHAL 
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J. N. Medical College and 
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The effect of aqueous and alcoholic extract of Streblus asper was studied on the 
spontaneous movements of the whole worm and nerve-muscle preparation of Setaria cervi 
and on the survival of microfilariae in vitro. Aqueous as well as alcoholic extract caused 
inhibition of soontaneous motility of the whole worm and the nerve-muscle preparation 
of S cervi characterized by decreased tone, amplitude and rate of contractions. The 
concentration required to inhibit the movements of the nerve-muscle preparation was 
1/25 for aqueous and 1/160 for alcoholic extract suggesting a cuticular permeability 
barrrier. The stimulatory response of acetylcholine was blocked by alcoholic and not by 
aqueous extract of 5 fljper. Both alcoholic as well as aqueous extracts caused death of 
microfilariae in vitro, LCg, and LC«, being 90 and 33.5 ng/ml, respectively. 
Key phrases : Streblus asper, Setaria cervi, Antifilarial activity 
INTRODUCTION 
Streblus asper, commonly known as Siora or 
Rusa, is indigenous to tropical India and 
is used in Unani system of medicine. The 
seeds are administered orally in epistaxis, 
piles and diarrhoea and applied locally in 
the form of paste for leucoderma. Root 
has been found useful in epilepsy, inflam-
mation and is applied to boils (Nadkarni; 
1976). No report appears in literature 
suggesting it as anthelmintic. 
Setaria cervi, a cosmopolitan nematode 
parasite of cattle, which is used to assess 
the efficacy of potential antifilarial agents, 
bears close similarity to human filarial 
worms in response to drug. 
The present study was designed to obse-
rve the effect of aqueous and alcoholic 
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extracts of Streblus asper on the sponta-
neous movements of the whole worm and 
nerve-muscle preparation of Setaria cervi 
(Singhal et al. 1975, 1977) and on the ser-
vival of microfilaria in vitro. 
MATERIALS AND METHODS 
Adult Setaria cervi (Nematod Filarioi-
dea) were picked up from the peritoneal 
cavity of freshly slaughtered cattle and 
brought to the laboratory in a vaccum 
flask containing modified Ringer's solution 
(Singhal et al; 1973) at 370C. 
Whole worm preparation : 
Adult S cervi was suspended in an isola-
ted organ bath of 20 ml capacity in modified 
Ringer's solution at 37<»C, spontaneous 
movements of the worm were recorded on 
a slow moving drum (Singhal et al; 1975). 
Air or oxygen was not bubbled through the 
solution as it did not improve the move-
ments of the worm. 
Nerve-muscle preparation : 
A worm was placed in a petridish con-
taining modified Ringer's solution (37''C). 
Two dissecting needles were inserted into 
the worm at one end the cuticle was split 
longitudinally apart in one smooth 
stroke. The intestine and the uterus were 
severed at both ends and gently pulled out. 
The anterior }" of the worm was cut off 
to eliminate the influence of the nerve 
ring and cephalic ganglia. The remaining 
part was tied at either end and suspended 
in an isolated organ bath, containing modi-
fied Ringer's solution at 37'C This decu-
ticled eviscerated preparation served to ex-
pose the nerve-muscle complex directly to 
the actions of drugs, and also could exhibit 
spontaneous rhythmical movements similar 
to those of the intact worm. At least 
fifteen minutes were allowed for the pre-
paration to stabilize before exposing it to 
the action of drugs (Singhal et al; 1977). 
Collection of microfilariae : 
Two mounted dissecting needles were 
inserted into a female worm about 2 cm 
from the anterior end. The distal needle 
was moved towards the tail in one smooth 
stroke, tearing the cuticle all along its 
course. The intestine forced itself out 
of longitudinal tear and the other internal 
organs were exposed. The uterus was cut 
out at its junction with the vagina and just 
below its bifurcation and removed from the 
worm. The uterus was teased with the 
needle in the solution and microfilariae 
freed were transferred to sterilized tubes 
containing serum Ringer mixture. 
RESULTS 
Effect of aqueous and alcoholic extract on 
the spontaneous movements of whole worm : 
Addition of aqueous extract in a concen-
tration of 75 jug/ml caused a decrease in 
tone, amplitude and frequency of the 
spontaneous movements ofS. cervi. The 
effect continued till the worm was in con-
tact with the drug. However repeated 
changes of the bathing fluid resulted in 
restoration of movement. The response of 
the alcoholic extract on the whole worm 
of S. cervi was similar in nature. The 
movements were restored following repea-
ted changes of the bathing fluid. However, 
the concentration required to influence the 
movements was only 40 jug/ml (Fig. I). 
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Fig. 1 : Shows the elTect of aqueous extract of 
Streblus asper on the spontaneous move-
ments of Setaria cervi. At a concentration 
of 40^g/ml the tone, amplitude and fre> 
queocy of contraction was reduced. The 
effect was reversible as repeated change of 
bathing fluid restored the movements. 
Effect of aqueous and alcoholic extract on 
the nerve muscle preparation : 
Fig. 2 shows the effect of aqueous extract 
of 5. asper on the spontaneous movements 
of nerve-muscle preparation of S.. cervi. 
The effect was similar in nature to that 
observed on the whole worm. However, 
concentration required to produce an equi-
valent effect in the nerve-muscle prepara-
tion was l/25th of that required with the 
whole worm. Repeated changes of the 
bathing fluid was effective in restoration of 
the movements. 
3 pg / ml 
'*'^^''**^^^*M^•^',.JMe{^ii\^h '• '¥''H 
t - 1 
Fig. 2 : Shows the effect of aqueous extract of 
Sireblus asper on the spontaneous move-
ments of the nerve-muscle preparation of 
Setaria cervi. At a concentration of 3^g/ml 
the tone and amplitude of contraction was 
reduced. The effect was reversible as re-
peated change of bathing fluid restored 
movements. 
Th effect of alcoholic extract of S. asper 
on the nerve-muscle preparation of S. cervi 
is presented in fig. 3. 2.5 /xg/ml of the 
alcoholic extract i.e. l/160th of the con-
centration required for the whole worm 
caused a decrease in tone and amplitude. 
Frequency also decreased and after 5 min 
the worm was completely paralysed. Re-
peated change of the bathing fluid failed 
to restore the movements (Fig. 3). 
Acetylcholine (Ach) is a natural excita-
tory transmitter in Setaria neuro-muscular 
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as compared 
(Table I). 
to the aqueous extract 
2-5 n g / m l 
Ach pq /ml 
Fig. 3 : Shows the effect of alcoholic extract of 
Streblivt asper on the spontaneous move-
ments of the nerve-muscle preparation of 
Setaria cervi. At a concentration of 2.5 
ug/ml the tone, amplitude and frequency 
of contract!.<n was reduced. The effect 
was irreversible as repeated change of 
bathing fluid to restore the movements. 
junction and causes stimulation of the 
movements of the whole worm as well as 
the nerve-muscle preparation of S. cervi 
(Singhal et al; 1977). The response to Ach 
was blocked by alcoholic extract and not 
by aqueous extract. 
Aqueous as well as alcoholic extracts S. 
asper caused concentration related lethal 
effect on the microfilariae of S. cervi. How-
ever, the alcoholic extract was more potent 
TABLE I : Effect of aqaeons and alcoholic 
extract of Streblus asper on the survival of 
microfilariae of Setaria cervi in vitro. 
Aqueous extract 
LC«, 
LC«, 
Alcoholic extract 
LC«, 
LC«„ 
Concentration ng/ml 
DISCUSSION 
30 
90 
24 
33.5 
Setaria cervi, a cosmopolitan nematode 
parasite of cattle has been used for the 
screening of potential antifilarial agents 
(Singhal et al; 1972, 1973, 1975). The 
methods for testing drugs in vitro in-
clude recording of spontaneous movements 
of the whole worm and the nerve-muscle 
preparation and observation of drug effect 
on motility and survival of microfilariae. 
The in vitro method provide rapid and 
convenient test for detecting potential 
antifilaiial agents. No other filarial worm 
has yet been tried to record movements 
and 5. cervi has yet to provide a lead for a 
clinically useful antifilarial agent. 
Aqueous as well as alcoholic extracts of 
Streblus asper caaseA concentration related 
inhibition of spontaneous movements of 
whole worm as well as nerve-muscle pre-
paration of S. cervi The former caused 
decrease in tone as well as in amplitude but 
the rate of contraction was not visibily 
affected. Further the effect was rever-
sible as repeated changes of bathing fluid 
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could restore the movements and also the 
stimulatory response to addition of Acetyl-
choline was not modified. On the other 
hand the addition of alcoholic extract to 
bathing fluid caused decrease in tone, 
amplitude as well as m the rate of contra-
ction. Further, repeated changes of the 
bathing fluid could restore the movements 
in the whole worm and not in nerve-muscle 
preparation. Also the alcoholic extract 
blocked the stimulatory response of acetyl-
choline on the nerve-muscle preparation 
indicating that it is capable of not only 
blocking the spontaneous motility but also 
the neurohumor responsible for the regula-
tion of motility. 
The findings suggest that both aqueous 
as well as alcoholic extracts of S. asper 
contam ingredients which cause reduction 
in the spontaneous motility of S. cervi and 
at the same time they are different in 
nature. It is also likely that alcoholic 
extract contains an additional ingredient 
which also cause reducttion in rate of 
contraction and block the stimulant action 
of acetylcholine (Singhal et al; 1977). 
The cuticle of S. cervi offers a permea-
bility barrier to drugs present in the bathing 
fluid as has earlier been seen for acetyl-
choline, 5-hydroxytryptamine, diethylcar-
bamazine, levamisole and mebendazole 
(Singhal et al; 1977, 1978 a, b, c). Similar 
barrier has been presented to both alcoho-
lic and aqueous extracts of 5 asper. The 
former being effective in I/160th and latter 
in l/25th concentration required to modify 
the movements of the whole worm. How 
much is the efficacy of the active ingi edient 
contained in the extracts. The answer will 
be provided by further fractionation and 
isolation of active principle. 
The blockade of the stimulant effect of 
acetylcholine by the alcoholic extract in 
the nerve-muscle preparation of S. cervi 
is of great significanre. Ach acts as natu-
rally occuring stimulatory neurotransmitter 
in S. cei vi. This has been shown by the 
presence of acetylcholine, cholinesterase 
an enzyme responsible for its destruction 
and 'ts influence on the motility of the 
worm in very low concentration (Singhal 
et al; 1978 b). 
The in vitro lathal effect of the extract of 
S. asper on the microfilariae of Setaria cervi 
at low concentration indicate that if 
drugs is presented in adequate concen-
tration to the microfilariae in blood and 
tissues it is possible to eradicate them from 
the host. 
It is proposed to further fractionate the 
extract used and evaluate potential anti-
filarial activity on Setaria ccrvi-Rat system. 
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SHORT COMMUNICATION 
Antifilarial Activity of Argyria speciosa 
Against Setaria cervi In Vitro 
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The effect of aqueous and alcoholic extracts of Argyria speciosa on the spontaneous movements of both the 
whole worm and a nerve/musde preparation of Setaria cervi, and on the survival of microfilariae in vitro, 
was studied. Both extracts caused the inhibition of spontaneous movements of the whole worm and the 
nerve/musde preparation of S. cervi, characterized by decrease in tone, amplitude and rate of contractions. 
The concentration required to inhibit the movements of the whole worm preparation was 150 Mg/mL for the 
aqueous, and 75fig/mL for the alcoholic extract. The concentration of A. speciosa extract required to 
produce an equivalent effect on the nerve/muscle preparation was 25 |ig/mL for aqueous, and 50 ng/mL for 
the alcoholic extract. 
Keywords: Argyria speciosa; Setaria cervi; antifilarial activity. 
INTRODUCTION 
Argyria speciosa, a wood climber, is found throughout 
India except in dry western regions and is used in the 
Unani system of medicine. The root is used in the 
treatment of rheumatism and diseases of the nervous 
system, and the extract of leaves is used as an 
antiphlogistic agent, in skin diseases, as a cough 
suppressant, and for the treatment of quinsy 
(Nadkarni, 1976). No report appears in the literature 
suggesting its role as an anthelmintic. 
Setaria cervi has been shown to bear close similarity 
to human filarial worms in its response to drugs 
(Singhal et al., 1969; 1972a,b). The present study was 
designed to observe the effect of aqueous and 
alcoholic extracts of A. speciosa on the spontaneous 
movements of the whole worm, and a nerve/muscle 
preparation of 5. cervi, a filarial worm of cattle 
(Singhal et al., 1975; 1977), and on the survival of 
microfilariae in vitro. 
MATERIALS AND METHODS 
Dried and powdered leaves of Argyria speciosa were 
extracted with alcohol and water, separately. The 
crude extract was dried and dissolved in alcohol and 
water before use. Adult Setaria cervi (Nematoda 
Filarioidea) were collected from the peritoneal cavity 
of freshly slaughtered cattle and stored in a vacuum 
flask containing modified Ringer's solution (NaCl 9 g, 
KCl 0.42 g, NaHCOs 0.5 g, CaClj 0.24 g, glucose 
* Authors to whom correspondence should be addressed. 
0.25 g, in IL distilled water) (Singhal, et al., 1973) at 
37 °C. 
Whole worm preparation. Adult S. cervi were sus-
pended in an isolated organ bath of 20 mL capacity, in 
modified Ringer's solution at 37 °C. Spontaneous 
movements of the worm were recorded on a slow 
moving drum (Singhal et al., 1975). 
Nerve/muscle preparation. A worm was placed in a 
petri dish containing modified Ringer's solution (37 
°C). Two dissecting needles were inserted into the 
worm at one end, and the cuticle was split 
longitudinally. The intestine and the uterus were 
severed at both ends and removed. The anterior 1 cm 
of the worm was removed to eliminate the influence of 
the nerve ring and cephalic ganglia. The remaining 
part was tied at either end and suspended in an 
isolated organ bath, containing modified Ringer's 
solution at 37 °C. This preparation served to expose 
the nerve/muscle complex directly to the action of the 
drugs, and also could exhibit spontaneous rhythmical 
movements similar to those of the intact worm. At 
least 15min were allowed for the preparation to 
stabilize before exposing it to the action of drugs 
(Singhal e/a/., 1977). 
Collection of microfilariae. The uterus of a female S. 
cervi was cut at its junction with the vagina and just 
below the bifurcation, and removed from the worm. 
The uterus was teased with a needle in the solution 
and microfilariae were freed. The microfilariae were 
suspended in a human serum/Ringer mixture, the 
count was adjusted to 100 mL, and 0.5 mL aliquots of 
the microfilariae suspension were placed in sterilized 
screw cap bottles containing aqueous or alcoholic 
extracts of A. speciosa in equal Serum:Ringer mixture 
0951-418X/90/0162-0164 $05.00 
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(v/v). A. speciosa extract was added in doubly 
increasing concentrations from 25 ng/mL. The bottles 
were kept in an incubator at 37 °C and examined 
under a microscope after 24 h, to count the living and 
dead microfilariae. The LCso and LCgo were calculated 
from a concentration/death graph. 
In a preliminary experiment, aqueous and alcoholic 
extracts of A. speciosa were added to microfilariae in 
concentrations of 25, 50, 75, 120 and 150 ng/mL 
(alcoholic extract) and 1, 2, 3, 4 and 4.5 ng/mL 
(aqueous extract) to determine the limits of activity 
within 24 h at 37 °C. Within these limits, 6 
concentrations were selected to observe the survival of 
microfilariae. 
RESULTS AND DISCUSSION 
The aqueous and alcoholic extracts of A. speciosa 
produced a concentration-related inhibition of spon-
taneous movements of the whole worm. A concentra-
tion of 150 ng/mL of the aqueous extract caused a 
decrease in tone and amplitude of spontaneous 
movements of the worm (Fig. 1). However, the effect 
was reversible, and repeated changes of the bathing 
fluid restored the movements. A similar response was 
produced by the alcoholic extract (Fig. 2) although at 
Mi^^..^M 
I50fjg/ml 
'/2hr Wash 
Figure 1. The reversible effect of 150( ig /mL aqueous extract 
of A. speciosa on the movements of S. cervi. 
75(ig/ml 
Figure 2. The reversible effect of 75 | i g /mL alcohol ic extract of 
A. speciosa on the spontaneous movements of S. cervi. 
1990 by John Wiley & Sons, Ltd. 
t t 
25|iq/ml 
t t 
Wash Ach lOOng/ml 
Figure 3. The irreversible effect of 25 ( ig /mL aqueous extract 
of A. speciosa on the spontaneous movemen ts of the 
nerve/muscle preparat ion of S. cervi. 
%)^t^'^"' 
• ' * * ^ ' ^ * r H , < « W « ^ . 
50ng/ml 
Ach lOOng/ml 
Figure 4. The irreversible effect of 50 n g / m L alcohol ic extract 
of A. speciosa on the spontaneous movements of the 
nerve/muscle preparat ion of S. cervi. 
a much lower concentration (75 fxg/mL). Again, the 
effect was reversible as changes of bathing fluid could 
restore the movements. Such reversible effects on the 
spontaneous motility of nematodes are exhibited by 
drugs such as piperazine and diethylcarbamazine. In 
an Ascaris preparation, piperazine was shown to cause 
neuromuscular block (Norton and De Beer, 1957). 
The concentration of aqueous extract required to 
produce complete paralysis of the nerve/muscle 
preparation was 25 |ig/mL (Fig. 3), whereas with 
alcoholic extract only 50 ng/mL was required (Fig. 4). 
This suggests that the cuticle of S. cervi may offer a 
permeability barrier to A. speciosa as has previously 
been seen for other drugs like acetylcholine, 
5-hydroxytryptamine, diethylcarbamazine, levamisole 
and mebendazole (Singhal et al., 1977; 1978a,b,c). 
Anthelmintics like diethylcarbamazine and pipera-
zine cause reversible paralysis of spontaneous 
movements of whole S. cervi worms (Singhal et al., 
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1978a), while the effect on the nerve/muscle 
preparation is irreversible (Singhal et al., 1977). The 
effect of extracts of A. speciosa was reversible on the 
whole worm and partially reversible on the nerve/ 
muscle preparation, although the exact mechanism 
is unknown. Both aqueous and alcoholic extracts of 
A. speciosa caused concentration-related inhibition of 
motility of microfilariae leading to irreversible 
paralysis and death. The concentrations of aqueous 
extract required to kill 50 and 90 percent larvae, were 
2.4 and 3.6tig/mL, respectively. The alcoholic extract 
caused death of larvae at much lower concentrations, 
the LCso and LC90 being only 75 and 125 ng/mL, 
respectively. 
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Abstract : The effect of aqueous and alcoholic extracts of the leaves 
of Sencio nudicauUs Buch. Ham. was studied on the spontaneous 
movements of the whole worm and nerve-muscle preparation of 
Setaria cervi and on the survival of micro-filariae in vitro. Aqueous as 
well as alcoholic extracts caused inhibition of spontaneous motility of 
the whole worm and nerve-muscle preparation of S. cervi characterized 
by decreased amplitude, rate and tone of contractions. The concentration 
required to inhibit the movements of n.m. preparation was l/3rd for 
aqueous and l/20th for alcoholic extract suggesting a cuticular 
permeability barrier. The effect of S. nudicaulis extracts was different 
than that produced by calcium channel blocker nifedipine on the 
whole worm and n.m. pieparation. While nifedipine blocks the stimulant 
effect of Ach the extracts of S. nudicaulis fails to do so. While the 
response bears similarity with DEC which also does not block Ach 
response. Both aqueous and alcoholic extracts exhibited microfilaricidal 
action in vitro LC^ and LCg^  being 10 and 15 ng/ml for aqueous 
extract, 5 and 12 ng/ml for alcoholic extract. 
Key words : sencio nudicaulis setaria cervi emtifilarial activity 
nerve-muscle preparation microfilaricidal 
INTRODUCTION 
Sencio nudicaulis Buch. Ham. of family 
C o m p o s i t a e is i n d i g e n o u s to t e m p e r a t e 
Himedaya. Ragwort poisoning due to several 
species is well known in animals, various species 
produced hepatic cirrhosis (1). Phytochemical 
studies of the S. nudicaulis species revealed 
t h e presence of a lka lo ids (2), 3ot, SP-big 
(iuigeloxy) fiiranoeremophilane and y-humulene 
(3). However, no pharmacological activity has 
been reported for S. nudicaulis. 
Setaria cervi, a cosmopolitan nematode 
parasite of cattle, which is used to assess the 
efficacy of potential antifilarial agents bears 
close similarity to human filarial worms in 
response to drugs (4-6). The present study was 
designed to observe the effect to aqueous and 
alcoholic extracts of S. nudicaulis on the 
spontaneous movements of the whole worm 
and nerve-muscle preparation (n.m. preparation) 
of S. cervi (7, 8) and on t h e survival of 
microfilariae in vitro. 
•Corresponding Author 
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METHODS 
Motile adult female S. cervi (Nematoda 
Filarioidea) were collected from the peritoneal 
cavity of freshly slaughtered cattle and brought 
to the laboratory in a vacuum flask containing 
modified Ringer's solution (9) at ST'C. The time 
period between the removal of the worms from 
the host to the laboratory was less than 5 hrs. 
Whole worm preparation: Adult S. cervi 
was suspended in an isolated organ bath of 20 
ml capacity in modified Ringer's solution at 
STC. Spontaneous movements of the worm 
were recorded on a slow moving drum (4). Air 
or oxygen was not bubbled through the solution 
as it did not improve the movements of the 
worm. About 15 min were allowed for the 
movements of the worm to stabilize before 
eliciting the response of drug. The drug was 
added in increasing concentrations to the 
bathing fluid and allowed it to reniain in contact 
for 15 min. If there was no response, it was 
considered as inactive. Fresh worm was used to 
test the higher concentration of the extract. 
Nerve-muscle preparation: A worm was 
placed in a petri dish containing modified 
Ringer's solution (ST'C). Two dissecting needles 
were inserted into the worm at one end, and 
the cuticle was split longitudinally. The intestine 
and the uterus were severed at both ends and 
removed. The anterior 1 cm of the worm was 
removed to eliminate the influence of the nerve 
ring and cephalic ganglia. The remaining part 
was tied at either end and suspended in an 
isolated organ bath, containing modified 
Ringer's solution at 37°C. This preparation 
served to expose the nerve-muscle complex 
directly to the action of the drugs, and also 
could exhibit spontaneous rhythmical 
movements similar to those of the intact worm 
(8). 
Collection of microfilariae: The uterus of a 
female S. cervi was cut at its junction with the 
vagina and just below the bifurcation, and 
removed from the worm. The uterus was teased 
with a needle in the solution and microfilariae 
were freed. The microfilariae were suspended 
in a human serum-Ringer mixture, the count 
was adjusted to 100 ml, and 0.5 ml aliquots of 
the microfilariae suspension were placed in 
sterilized screw cap bottles containing aqueous 
or alcoholic extracts of S. nudicaulis in equal 
serum : Ringer mixture (v/v). The bottles were 
kept in an incubator at ZTC and examined 
under a microscope after 6 h, to count the 
living and dead microfilariae. The LC g^ and 
LC^ was calculated from a concentration death 
graph. 
In a preliminary experiment, aqueous and 
alcoholic extracts of S. nudicaulis were added 
to microfilariae in concentrations of 5, 10, 15, 
20 and 25 ng/ml to determine the limits of 
activity within 6 h at ZTC Within these limits, 
6 concentrations were selected to observed the 
survival of microfilariae. 
Dried and powdered leaves of S. nudicaulis 
were extracted with ethanol and water, 
separately. The crude extracts were dried and 
dissolved in ethanol and water before use. 
RESULTS 
Effects of aqueous extract of S. nudicaulis 
on the spontaneous movements of whole worm 
and n.m. preparation of S. cervi : A typical 
response of aqueous extract of S. nudicaulis on 
the whole worm (upper panel) and n.m. 
preparation (lower panel) of S. cervi is shown 
in Fig.l. At a concentration of 30 jig/ml the 
extract caused decrease in the spontaneous 
movements of the whole worm. The depressant 
effect was characterized by decrease in tone, 
amplitude and rate of contractions. After about 
5 min the worm movements ceased completely. 
Repeated changes of the bathing fluid failed to 
restore the movements. The paralysis caused 
by is therefore irreversible in nature. Addition 
of Acetylcholine (Ach) in a concentration of 5 
fig/ml failed to elicit its typical stimulant effect. 
On n.m. preparation the depressant effect 
was similar in nature but was evident at a 
lower concentration of 10 |xg/ml. The amplitude, 
tone and rate of contractions showed a steady 
decline leading to complete paralysis of the 
n.m. preparation about 10 min after the addition 
of drug. Repeated changes of the bathing fluid 
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EFFECT OF AQUEOUS EXTRACT OF SENCIO NUDICAULIS 
ON THE SPONTANEOUS MOVEMENTS OF SETARIA CERVI 
EFFECT OF ALCOHOLIC EXTRACT OF SENCIO NUDICAULIS ON THE 
SPONTANEOUS MOVEMENTS OF THE WHOLE WORM OF SETARIA CERVI 
T : T 
61) mm w Ach 5 \ipiTn\ 
Fig. 1 
NERVE MUSCLE 
Effect of aqueous extracts of the leaves of 
S. nudicaulis on the spontaneous movements of 
the whole worm (upper panel) and the n.m. 
p r e p a r a t i o n (lower panel ) of S. cerui . A 
concentration of 30 pg/ml produced irreversible 
paralysis of whole worm while only 10 |.ig/ml 
was required to paralyze n.m. preparation. The 
s t imulant effect of Ach was not blocked. 
Ach 5 ug/ml 
Fig. 2 : Effect of alcoholic ex t rac t of the leaves of 
S. nudicaulis on the spontaneous movements of 
the whole worm of S. cervi. Both applied 
concentration of 80 jig/ml caused stimulation 
characterized by increase in amplitude lasting for 
about 45 min (upper panels). Thereafter the 
a m p l i t u d e s t a r t e d d e c r e a s i n g l e a d i n g to 
irreversible paralysis. Response to Ach is seen in 
the lower right panel. 
failed to restore the movements till upto six 
hours. The preparation however responded to 
the addition of Ach. The response was in the 
form of a single spike and the preparation 
continued to be paralysed thereafter. 
The effect of alcoholic e x t r a c t of S. 
nudicaulis on the spontaneous movements of 
whole worm and n.m. preparation of S. cervi : 
The r e sponse to alcoholic ex t r ac t of S. 
nudicaulis on the whole worm and n.m. 
preparation was not similar to that observed 
with the aqueous extract. Addition of alcoholic 
extract of S. nudicaulis on the spontaneous 
movements of whole worm in a concentration 
of 80 lig/ml to the bath fluid caused initial 
s t imula t ion charac te r i zed by increase in 
amplitude which lasted for nearly five minutes 
(Fig.2). Thereaf ter t he ampl i tude s t a r t e d 
showing a decrease but occasional spikes of 
high amplitude were seen at irregular intervals. 
After about 60 min these spikes of high 
amplitude were not seen and the amplitude 
continued to decrease and in another about 20 
min the movements of t he worm ceased 
completely. Repeated washings with the bathing 
fluid failed to restore the movements. The 
paralysis induced was therefore irreversible. 
When Ach was added to the b^th fluid at this 
time a typical response was observed in the 
form of stimulations lasting about 5 min. 
On the n.m. preparation the effect was 
evident in a concentration 20 times less than 
that required for the whole worm preparation. 
The response was characterized by initial short 
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las t ing (2-3 min) s t imula t ion followed by 
paralysis. Repeated changes of bath fluid failed 
to restore the m o v e m e n t s of t h e n .m 
preparation. However, the st imulant effect of 
Ach could be elicited following addition of the 
drug in a concentration of 5 |ig/ml of the bath 
fluid. The movements of the n.m. preparation 
continued to remain paralysed upto 6 hrs till 
when the preparation was observed and there 
was no sign of recovery (Fig.3). 
EFtECT OF ALCOHOLIC EXTRACT OK SENCIO NUDICAULI.S ON THh 
SPONTANEOUS MOVEMENTS OF THE NERVE MUSCLE PREPARATION 
Fig 3 Effect of alcoholic ex t rac t of the leaves of 
S nudicautis on the spontaneous movements of 
the n m preparation of S cerui A concentration 
of 4 ng/ml caused initial stimulation followed by 
irreversible' paralysis Repeated washings failed 
to restore the movements (w) Ach (5 ng/ml) 
produced its usual s t imulant effect during the 
phase of paralysis 
TABLE I 
LC 
Effect of aqueous and alcoholic extracts of 
leaves of Sencio nudicaulis on the survival of 
micro-fila.nae of Setana cervi in vitro 
Concentration nglml 
Aqueous extract LC^, 
Alcoholic extract LCj, 
LC„ 
10 
15 
5 
12 
A q u e o u s a n d a lcoho l i c e x t r a c t s of 
S. nudicaulis leaves caused concentrat ion 
related effect on the survival of microfilariae of 
S cervi. The LD„ and LD„ as observed after 6 
hrs IS presented in Table I The alcoholic extract 
being more potent in its lethal effect as compared 
to the aqueous extract. Concentration related 
lethal effect of aqueous and alcoholic extracts 
of S. nudicaulis in a concentration of 35 ng/ml 
observed for 210 min is shown in Fig.4. 
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Fig 4 Effect of aqueous and alcoholic extracts of the 
leaves of Sencio nudicaulis on the survival of 
microfilariae of Setana cervi in vitro a t a 
concentration of 25 ng/ml Abscissa denotes time 
in min and ordina te denotes pe rcen tage of 
survival 
DISCUSSION 
Our experience has demonstrated tha t the 
response of isotonic contractions from the filarid, 
S. cervi is an easy and reliable method for 
observing the effect of drugs on the spontaneous 
motility. The parasite a normal inhabi tant of 
the peritoneal cavity of buffalo Bubalis bubalus 
linn, is a thin thread like structure responds 
quickly to neurohumors and other drugs. The 
magnitude of spontaneous activity after an 
initial period of stabilization (about 15 min) is 
sustained for several hours. The nerve muscle 
complex prepared by slitting open the worm 
longitudinally and removing the nerve ring is 
more sensitive to drugs as compared to the 
intact filarid. In intact worm, cuticle presents a 
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permeability barrier for the drugs, and prevents 
totally or partially, pharmacological tools, to 
reach the sites of action. 
Aqueous and alcoholic extracts of S. 
nudicaulis produced relaxation of spontaneous 
movements of whole worm and n.m. preparation 
of Setaria. The concentration required to 
produce an equivalent effect in n.m. preparation 
was 3 and 20 times less for aqueous and 
alcoholic extracts respectively as compared with 
the whole worm, indicating that aqueous extract 
is likely to penetrate the cuticular barrier with 
ease as compared to the alcoholic extract. 
The presence of acetylcholine, the 
stimulation of whole worm and n.m. preparation 
(8) and the presence of cholinesterase (10) has 
led to the suggestion that Ach is the excitatory 
transmitter at neuromuscular junction in S. 
cervi. Extensive studies with other nematodes 
like Ascaris suum has assigned Ach a role of 
excitatory neurotransmitter (11,12). The action 
of Ach is dependent upon the availability of 
Ca** ions. In absence of calcium in the bathing 
fluid the spontaneous motility of both whole 
worm and n.m. preparation decreases and ceases 
altogether with the passage of time. Cstlcium 
channel blockers like nifedipine also cause 
decrease in spontaneous motility leading to 
paralysis of the whole worm as well as n.m. 
preparation (13). Aqueous and alcoholic extracts 
of S. nudicaulis cause concentration related 
decrease in spontaneous movements leading to 
irreversible paralysis. Repeated changes in 
bathing fluid failed to restore the movements. 
The preparation were viable at this stage too 
as indicated by their response to Ach. Ach 
produced an excitatory effect on both whole 
worm and n.m. preparation at a stage when 
these were irreversibly paralysed. 
Both nifedipine and extracts (aqueous and 
alcoholic) of S. nudicaulis cause irreversible 
paralysis of whole worm and n.m. preparation 
of S. cervi. The former blocks the stimulant 
effect of Ach while extracts of S. nudicaulis 
does not. The evidence suggest that the 
mechanism of action of the two is different. 
S. nudicaulis does not produce its effect either 
by blocking the ionic channels for calcivun or by 
blocking Ach receptors. 
S. cervi like Ascaris responds to GABA 
with hyperpolarization leading to relaxation 
and paralysis of whole worm and n.m. 
preparation. Anthelmintic piperazine (7) acts 
as a weak GABA agonist (14) and so also its 
derivative diethyl-carbamazine (DEC) used to 
treat brugian and bancroflian filariasis. The 
response of both extracts on whole worm and 
n.m. preparation of Setaria was similar to DEC 
which was characterized by initial short lived 
stimulation followed by irreversible paralysis 
(15). 
The aqueous as well as the alcoholic extract 
of S. nudicaulis affected the survival of 
microfilariae adversely in vitro. The 
concentration required to kill 50 and 90% of 
microfilariae within a period of 6 hr being 
much less than that required to modify the 
spontaneous motility of the whole worm or the 
n.m. preparation. The observations indicate that 
the two extracts of plant are both macro and 
microfilaricidal in vitro. This differentiats the 
action of S. nudicaulis extracts and DEC, since 
the latter causes irreversible paralysis of the 
whole worm and the n.m. preparation but does 
not kill the microfilariae in vitro (16-19). 
Ph5rtochemical studies have revealed the 
presence of alkaloids which have not yet been 
characterized (2) and furanoeremophilane 
derivative (3) of which the pharmacological 
activity has not yet been studied, it is premature 
to assign these or any other ingredient present 
in the plant extracts for the macro or 
microfilaricidal activity. The macro and 
microfilaricidal action of extracts of S. 
nudicaulis that too at a low concentration is an 
encouraging observation. This needs to be tested 
in in vivo model. Further the isolation of active 
principles is also required to find the chemical 
moiety responsible for the action. 
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Abstract : The effect of aqueous and alcoholic extracts of the leaves of 
Mallotus philippensis (Lam.) Muell. Arg. was studied on the spontaneous 
movements of the whole worm and nerve-muscle (n.m.) preparat ion of 
Setaria cervi and on the survival of microfilariae in vitro. Both the extracts 
caused inhibit ion of spontaneous motility of whole worm and the n.m. 
preparation of S. Cervi characterized by init ial s t imulat ion followed by 
depression in amplitude. The tone and ra te of contractions remained visibly 
unaffected. Aqueous extract at higher concentration showed immediate 
reduction in tone. The concentration required to inhibit the movements of 
n.m. prepara t ion was l /5 th for aqueous and 1 / l l th for alcoholic extract 
compared to t ha t for the whole worm, suggesting a cuticular permeabil i ty 
barr ier . The s t imulatory response of acetylcholine was blocked by aqueous 
extract on whole worm movements. On the microfilariae the LCjg and LC,g 
were 18 and 20 ng/ml for aqueous and 12 and 15 ng/ml for alcoholic extracts 
respectively. 
Key w o r d s filariasis 
mallotus philippensis 
setaria cervi 
microfilariae 
INTRODUCTION 
Alcoholic and e t h e r a l e x t r a c t s of 
M.philippensis fruits have shown taenicidal 
action aga ins t Hymenolepic nana and 
H. diminuta, both in vitro and in vivo. The 
ex t r ac t s also exhib i ted l e tha l efficacy 
against trematodes (Fasciolopsis buski) but 
not on nematodes (Ascaris lumbricoides) 
in vitro (.1, 2). M. philippensis powder 
traditionally used in Ayurvedic system of 
medicine was found effective in conversion 
of stools from positive to negative in 96 
percent of children harboring H. nana. 
Plant powder of M. philippensis is also 
used by external application for parasitic 
infection of skin and also as aphrodisiac, 
l i thontriptic and styptic (3-6). However, 
there is no report on anthelmintic activity 
of M. philippensis leaves in l i t e r a t u r e . 
Further the plant has not been explored for 
an t i f i la r ia l act ivi ty . I t was , there fore , 
thought worthwhile to test alcoholic and 
aquous ex t rac ts of M. philippensis for 
potential antifilarial activity in vitro on 
whole worm, nerve muscle preparation and 
microfilariae of S. cervi (Nema toda : 
Filarioidea). 
'Corresponding Author 
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METHODS 
Adult Setaria cervi (Nematoda 
f i l a r io idea) were col lected from the 
peri toneal cavity of freshly s laughtered 
cattle and brought to laboratory in a vacuum 
flask containing modified Ringer's solution 
(7) (NaCI 9g, KCl 0.42g, Gael, 0.24g NaHCo, 
0.5 g, glucose 0.25 g per litre) at ST'C. 
Dried and powdered leaves of 
M. philipensis (Euphorb iaceae ) were 
e x t r a c t e d wi th alcohol and w a t e r , 
separately. The crude extract was dried and 
dissolved in alcohol and water before use. 
Whole worm preparation : Adult S. cervi 
were suspended in an isolated organ bath 
of 20 ml capacity, in modified Ringer 's 
solution at ST'C. Spontaneous movements 
of the worm were recorded on a slow moving 
kymograph drum (8). Air or Oxygen was not 
bubbled through the solution as it did not 
improve the movements of the worm. About 
15 min were allowed for the movements of 
worm to s t ab i l i ze before e l ic i t ing the 
response of drug. The drtig was added in 
increasing concentration to the bath fluid 
and allowed to remain in contact for 15 min. 
If there was no response it was considered 
as inactive. Fresh worm was used to test 
the higher concentration of the extract. 
Nerve-muscle preparation : A worm was 
placed in a petridish containing modified 
Ringer's solution (37°C). Two dissecting 
needles were inserted into the worm at one 
end, and the cuticle was split longitudinally. 
The intestine and uterus were severed at 
both ends and removed. The anterior 1 cm 
of the worm was removed to eliminate the 
influence of the nerve ring and cephalic 
ganglia. The remaining par t was tied at 
either end and suspended in an isolated 
organ bath, containing modified Ringer's 
solution at ST'C. The preparation served to 
expose the n.m. complex directly to the 
action of the drugs, and also could exhibit 
spontaneous rhythmical movements similar 
to those of the in tac t worm. The drug 
concen t r a t i ons were t e s t e d for t h e i r 
response as with whole worm preparation. 
The concentration of extract which modified 
the movements was tested in at least six 
preparations. 
Collection of microfilariae : The uterus 
of a female S. cervi was cut at its junction 
wi th t h e vag ina and j u s t below the 
bifurcation, and removed from the worm. It 
was teased with a fine needle in the solution 
and microfilariae (mf) were freed. The 
microfiliariae were suspended in a human 
serum Ringer mixture and the mf count was 
adjusted to 100/ml. 0.5 ml aliquots of the 
microfilariae suspension were placed in 
s ter i l ized screw cap bot t les conta in ing 
aqueous or alcoholic e x t r a c t s of 
M. philippensis in equal serum : Ringer 
mixture (v/v). M. philippensis extract was 
added in doubly increasing concentration 
from 5 ng/ml. The bottles were kept in an 
incubator at ST'C and examined under a 
microscope every 30 min till 210 min to 
count the living and dead microfilariae. Each 
concentration was tes ted in six se ts of 
experiments. The LCj^ and LCg,, was calculated 
from mean concentration - death graph. 
In a preliminary experiment, aqueous 
and alcoholic extracts of M. philippensis 
were added to microfilariae suspension in 
increasing concentrations start ing from 5 
upto 50 pg/ml. The survival /moti l i ty of 
13? 
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microfi lar iae was observed ti l l 6 hr to 
determine limits of activity. There was no 
mortality at a concentration of 5 pg/ml and 
100% m o r t a l i t y at 50 pg/ml . Six 
concentrations were selected beginning from 
a minimum which would kill not more than 
10% microfilariae and maximum which 
would kill more than 90% but not all the 
microfilariae at 6 hr. These concentrations 
were 15 ,20 ,25 ,30 ,35 and 40 ng/ml. 
RESULTS 
Effect of aqueous ex t r ac t of 
M. philippensis on the spon taneous 
movements of whole worm and n.m. 
preparation of S. cervi : A typical response 
to aqueous extract of M. philippensis on the 
spontaneous movements of whole worm of 
S. cervi is shown in Fig. 1. Immediately 
Vi^flM!* '••••'V 
30 min 60 min 
90min 2hr Ach5pg/ml Ach 100 pg/m! 
Fig. 1 : Effect of aqueous extract of the leaves of 
M. philippensis on the spontaneous movements 
of the whole worm of S. cervi. Bath applied 
concentration of 100 pg/ml caused init ial 
s t imula t ion charac ter ized by increase in 
amplitude followed by irreversible paralysis. 
The tone and rate of contractions remained 
visibly unaffected. The stimulant effect of Ach 
was blocked by whole worm movements while 
the effect of KCl was in the form of single small 
twich. 
after the addit ion of the ex t r ac t in a 
concentration of 100 pg/ml to the bath fluid, 
the amplitude of the contractions showed a 
gradual increase till it reached its peak at 
about 60 min. The ra t e of contract ions 
showed a correpponding decrease while the 
tone remained unaffected. Thereafter there 
was increase in the frequency but the 
amplitude decreased. After about 95 min 
movements of whole worm ceased 
completely. Repeated changes of bathing 
fluid was not beneficial in restoring the 
movements. Addition of acetylcholine (Ach) 
at this stage in concentrations of 5 and 100 
pg/ml of bath fluid only induced a feeble 
response as did the addition of KCl. 
The response to aqueous ex t rac t of 
M. philippensis could be elicited on the n.m. 
complex of .S. cervi in a concentration of 
20pg/ml i.e. l/5th of that required for the 
whole worm and was also different in 
n a t u r e . The in i t i a l s t i m u l a n t effect 
characterized by increase in amplitude of 
contractions observed with whole worm was 
not observed with n.m. preparat ion. The 
movements were characterized by decrease 
in amplitude only while the tone and rate 
of contractions remained unchanged The 
dep re s san t effect was r eve r s ib l e wi th 
repeated changes of the bathing fluid which 
restored the movements to normal. 
With a higher concentration of aqueous 
extract (40 pg/ml) on the n.m. preparation 
the response was immediate with reduction 
in tone characterized by lowering of base 
line and cessation of movements. The effect 
at this concentration was irreversible with 
washing of the preparation with bathing 
fluid. However, the n .m. p r e p a r a t i o n 
133 
400 Singh et a l Ind ian J Physiol P h a r m a c o l 1997, 41(4) 
responded wi th a well defined typical 
response of Ach (lower panel of Fig. 2) 
Mm 
Min 
40 pg/m Ach 5 pg/ml 
Fig 2 Effect of a q u e o u s e x t r a c t of the leaves of 
M phitippensis on the spontaneous movements 
of t h e n . m p r e p a r a t i o n of S cervi A 
concen t ra t ion of 20 pg/ml caused decrease in 
a m p l i t u d e a n d t o n e w h i l e t h e r a t e of 
con t rac t ions remained visibly unaffected But 
a t a h i g h e r c o n c e n t r a t i o n (40 pg /ml) t h e 
pa ra lys i s caused was i r revers ible as repea ted 
wash ings (w) failed to res tore the movements 
ACh (5 pg/ml) produced its usua l s t i m u l a n t 
effect du r ing the phase of para lys i s 
• Effect of alcoholic ex t r ac t of 
M. philippensis on the spon t aneo us 
movements of the whole worm and n.m. 
preparation of S. cervi : addition of alcoholic 
extract of M. philippnsis in a concentration 
of 230 pg/ml of bath fluid caused initial 
stimulation followed by paralysis of the 
whole worm of S. cervi. The initial stimulant 
effect lasted for about 45 min and was 
characterized by shortlasting increase in 
tone (about 10 min) and a longer lasting 
increase in amplitude. In the later part of 
the stimulation phase i.e. after nearly 30 
min a decrease in t h e f requency of 
movement was observed. This was followed 
by paralysis of the worm characterized by 
complete cessation of movements, which did 
not reverse spontaneously till about 6h. 
However, repeated changes of bath fluid did 
restore the movements, showing that the 
paralysis induced by the alcoholic extract 
of M. philippensis is reversible in nature 
( F i g . 3) 
^i^m.. 
Mm I 
Fig 3 
230 pg/ml 
Effect of alcoholic e x t r a c t of t he leaves of 
M phiUppen<:is on the spon taneous movements 
of the whole worm of S ceri;i. Ba th appl ied 
c o n c e n t r a t i o n of 230 p g / m l c a u s e d i n i t i a l 
s t i m u l a t i o n c h a r a c t e r i z e d by i n c r e a s e in 
ampli tude followed by reversible paralysis The 
r a t e of c o n t r a c t i o n s r e m a i n e d v i s i b l y 
unaffected while the tone showed initial short-
lasting increase. 
The effect of the alcoholic extract of 
M. philippensis on the n.m. preparation of 
S. cervi was manifest in a concentration 
nearly 10 times less (20 pg/ml) than that 
required for the whole worm preparation. 
The in i t i a l s t i m u l a n t effect was 
characterized by an increase in amplitude 
alone and there was no increase in tone as 
seen with the whole worm. The stimulant 
effect lasted for only 5 min as compared to 
45 min with the whole worm. The paralysis 
which followed was similar in nature and if 
the bath fluid was not changed it contiuned 
for more than 6 h (time till the preparation 
was observed). However, repeated changes 
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of the bathing fluid restored the movements 
to normal (Fig. 4). 
Min 
Fig. 4 
20 pg/ral 
Effect of alcoholic extract of the leaves of 
M philippensis on the spontaneous movements 
of n m. preparation of S cerui. Bath applied 
concentrat ion of 20 pg/ml caused ini t ial 
s t imula t ion character ized by increase in 
amplitude followed by reversible paralysis. The 
rate of contractions remained visibly unaffected 
while the tone showed a gradul decrease. 
Effect of M. philippensis leave extracts on 
the survival of microfilariae in vitro: 
Aqueous and alcoholic e x t r a c t s of 
M. philippensis leaves caused concentration 
related inhibition of survival of microfilariae 
of S. cervi. The alcoholic extract was more 
potent in its lethal effect as compared to 
the aqueous extract. Time related lethal 
effect of aqueous and alcoholic extracts of 
M. philippensis in a concentration of 25 ng/ 
ml observed for 210 min. The LC g^ and LC^ j^ 
as observed after 6 h is presented in Table I. 
TABLE I :Effect of aqueous and alcoholic extracts of 
leaves oi Mallotus philippensis on the survival 
of microfilariae of S. cervi in vitro at 6 h 
Extract L. C. Concentration ng I ml 
Aqueous extract LC ,^ 
Aqueous extract LC ,^ 
Alcoholic extract LC^ 
Alcoholic extract LC. 
18 
ao 
12 
15 
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DISCUSSION 
The observations indicate that recording of 
spontaneous movements of the whole and 
n.m. preparation of S. cervi is an easy, 
convenient and reliable method to study the 
efficacy of antifilarial drugs. It not only 
provides information regarding lethal or 
paralysing effect of drugs but also gives an 
insight into the mechanism of action. 
M. philippensis extracts were effective 
in lower c o n c e n t r a t i o n s on the n .m. 
preparation as compared to the whole worm. 
This indicates that the cuticle can reduce 
the pene t ra t ion of the ex t r ac t s of M. 
philippensis into intact filarids. Substances 
with low lipid solubility penetrate to a lesser 
extent across the nematode cuticle, has 
also been shown for Ascaris (9) and 
Dipetalonema vitae (10). The aqueous 
ex t rac t could cause p a r a l y s i s of n .m. 
preparation in five times less concentration 
than that required for the whole worm while 
for the alcoholic extract the concentration 
requi red was eleven t imes l e ss . This 
indicates that the aqueous extract has more 
lipid soluble constituents as compared to the 
alcoholic extract. The onset of action of both 
aqueous and alcoholic extracts was rapid 
and was characterized by st imulation of 
worm movements ref lec ted ma in ly as 
increase in amplitude which was followed 
by paralysis. 
A number of anthelmint ics interfere 
selectively with neuromuscular transmission 
of the nematode parasite. The bath applied 
Ach produces stimulation of spontaneous 
rhythmic movements of Setaria, which can 
be partially blocked by d-tubocurarine but 
not by atropine (11). The Ach receptors of 
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Setaria are similar in nature (12) to Ascaris 
Ach receptors (12, 13, 14, 15, 16, 17). On S. 
cervi in vitro levamisole and tetramisole also 
produce stimulation of the movements of 
whole worm and n.m. preparation only in 
low concen t r a t i on whi le a t h ighe r 
concentration the stimulatory phase though 
increased in intensity is reduced in duration 
and is followed by paralysis from which the 
worm does not recover. 
The response with aqueous and ethanolic 
extracts of M. philippensis was similar 
qualitatively to that seen with levamisole. 
However, the stimulatory phase was more 
prolonged and the subsequent paralysis was 
reversible in contrast to an irreversible 
paralysis seen with levamisole and pyrantel 
pamoate. 
Nematodes exhibit rhythmic vigorous 
movements which can be modified by 
neurotrasmitters and anthelmintics. While 
Ach has been identified as an excitatory 
transmitter, GABA and 5-HT paralyze the 
worm (8). Studies have shown the presence 
of t h e s e s u b s t a n c e s in p a r a s i t e s . 
Anthelmintics like piperazine mimic the 
action of y-aminobutyric acid (GABA) and 
bring about hyperpolarization of Ascaris and 
Setaria muscle cells (8, 15, 18, 19). In 
Ascaris this has been shown to be modified 
by i n c r e a s e in Cl -conduc tance . 
Die thylarbamazine (DEC), a p iperazine 
derivative, on the other hand, produces 
initial stimulation followed by reversible 
dose dependent paralysis which results from 
an tagon i sm of vo l tage s e n s t i v e K* 
conductance (20). The aqueous and alcholic 
extracts of M. philippensis also produce 
increase in ampli tude and frequency of 
spontaneous contrations of both whole worm 
and n.m. preparation of S. cervi. This is 
followed by reversible paralysis which is 
evident only at low concentrations (upper 
panel Fig. 2). Further the response to Ach 
could be elicited in both whole worm and in 
the n.m. p r e p a r a t i o n when they were 
paralysed by aqueous as well alcoholic 
extracts. Such a response is similar to that 
produced by DEC (21). 
Although the response of M. Philippensis 
extracts and DEC are similar on in vitro 
preparations of Setaria, it can be conluded 
that M. philippensis posseses antifilarial 
activity which can be potential ly useful 
clinically. Further experiments are needed 
to evaluate the antifilarial activity in an in 
vivo model. The paralysis of the worm seen 
in vivo could only take place when adequate 
concentrations analogous to those producing 
paralysis in vitro can be achived at the site 
of location of the worm in the animal, i.e. 
the per i toneal cavity for Setaria and 
lymphatics for Wuchereria bancrofti. 
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Effect of aqueous and alcoholic extracts of the roots of A. adscendens was studied on the 
spontaneous movements of whole worm and nerve muscle (n.in.) preparation of S. cervi and on the 
survival of microfilariae in vitro. Aqueous as well alcoholic extracts caused inhibition of spontaneous 
motility of whole worm and n.nL preparation of S. cervi characterized by initial, short lasting small 
increase in amplitude and tone of contractions followed by paralysis. The ioitial stimulatory effect was 
not observed by aqueous extract on n.m. preparation. The concentration required to inhibit the 
movements of tLtiL preparation was l/4th for aqueous and l/3rd for alcoholic extract suggesting a 
cutlcular permeability barrier. The effect of acetylcholine on n.m. preparation was concentration related 
being more with a concentration of 5 ^g/tnl as coiiq>ared to l|ig/ml. Bodi alcoholic as well as aqueous 
extracts caused death of microfilariae in vitro, LCjo and LC^ being 8 and 16 ng/ml for aqueous, 3 and 
12 ng/ml for alcoholic extracts respectively. 
Tubers of Asparagus adscendens Roxb. (Liliaceae) 
are used in tiie indigenous system of medicine, for 
the treatment of spermatorrhoea, gleet, chronic 
leucorrhoea, diarrhoea, dysentry and general 
debility''^. Stems are used as aphrodisiac. As an 
ingredient of indigeneoas drug 'Geriforte' it is 
used for senile pruritus and against fatigue . 
Phytochemical studies of the roots of A. 
adscendens revealed the presence of several 
sapogenins and saponins. The steroidal glycosides 
which have been isolated and identified are. 
asparanin-A^, -B*, -C* and -D*; asparoside-A*, -B*, 
-Cr and -D*; adscendin-A* and -B*; adscendoside-
A* and -B*, 3-P-0[P-D-2-tetracocosylxylopyrano-
syl]- and 3-P-0[p-D-glucopyranosyl(l-2)-a-L-
arabinopyranosylj-stigmasterol . Its fruits also 
contain P-sitosterol, sarsapogenin and diosgenin'. 
No report appears in the literature suggesting its 
role as an anthelmintic. 
During routine screening, the ability of the root 
extract to inhibit the spontaneous mobility of 
filarial parasite Setaria cervi generated interest and 
it was tfiought worthwhile to explore anthelmintic 
potential of Has two extracts (alcoholic and 
aqueous). S. cervi, cosmopolitan nematode parasite 
*Correspondent author 
of cattle resemble closely to human filarial worms 
in its response to drugs and has been used for 
screening potential antifilarial gents''". The 
present stuc^ was designed to observe the effect of 
aqueous and alcoholic extracts of the roots of A. 
adscendens on the spontaneous movements of 
whole worm, nerve muscle (n.m.) preparation and 
on the survival of microfilariae of S. cervi in vitro. 
Materials and Methods 
Motile adult female Setaria cervi (Nematoda: 
Filarioidea) of average length 6.0 ± 1.0 cm and of 
average weight 35 ± 6.0 mg were picked up from 
the peritoneal cavity of freshly slaughtered cattle 
and brought to the laboratory in a vacuum flask 
containing modified Ringer's solution'" at 37°C. 
The time period between the removal of the worms 
from the host to the laboratory was less than 5 hr. 
Whole worm preparation—Adult S. cervi was 
suspended in an isolated organ bath of 20 ml 
capacity, in modified Ringer's solution at 37°C. 
Spontaneous movements of the worm were 
recorded on a slow moving drum'^. Air or oxygen 
was not bubbled through the solution as it did not 
improve the movements of the worm. About 15 
min were allowed for the movements of the worm 
to stabih^ before eliciting the response of drug. 
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The drug was added in increasing concentrations to 
the bathing fluid and allowed to remain in contact 
for IS min. If there was no response it was 
considered as inactive. Fresh worm was used to 
test the higher concentration of the extract 
Nerve-muscle preparation 
A worm was placed in a petri dish containing 
modified Ringer's solution 37°C. Two dissecting 
needles were inserted into the worm at one end, 
and the cuticle was split longitudinally. The 
intestine and the uterus were severed at both ends 
and removed. The anterior 1 cm of the worm was 
removed to eliminate the influence of the nerve 
ring and cephalic ganglia. The remaining part was 
tied at eidier end and suspended in an isolated 
organ badi, containing modified Ringer's solution 
at ST'C. This preparation served to expose n.m. 
complex directly to the action of the drugs, and 
also could exhibit spontaneous rhythmical 
movements similar to those of the intact worm. 
Collection of microfilariae 
The uterus of a female S. cervi was cut at its 
junction with the vagina and just below the 
bifurcation, and removed from the worm. The 
uterus was teased wiA a fine needle in the solution 
and microfilariae were freed. The microfilariae 
were suspended in human serum-Ringer mixture, 
the count was adjusted to lOO/ml and O.S ml 
aliquots of the microfilariae suspension were 
placed in sterilized screw cap bottles containing 
aqueous or alcoholic extracts of A. adscendens in 
equal serum: Ringer mixture (v/v). A. adscendens 
extract was added in doubly increasing 
concentrations from S ng/ml. The bottles were kept 
in an incubator at 37°C and examined under a 
microscope after 6 hr, to count Uie living and dead 
microfilariae. The LCjo and LC90 was calculated 
fitnn a concentration-death graph. 
In a preliminary experiment, aqueous and 
alcoholic extracts oiA. adscendens were added to 
microfilariae in concentration of 5, 10, 15, 20 and 
25 ng/ml to determine tiie limits of activity within 6 
far at 37°C. Wifliin diese limits, six concentrations 
were selected to observe the survival of 
microfilanae. 
Dried and powdered roots of A. adscendens 
(Liliaceae) were extracted with alcohol and water, 
separately. The crude extract was dried and 
dissolved in alcohol and water before use. 
Results 
Effect of aqueous extract on spontaneous 
movements of whole worm and n.m. preparation of 
S. cervi—A typical response of aqueous extract of 
A. adscendens on the spontaneous movements of 
the whole worm of S. cervi is shown in Fig. 1. 
Addition of extract in a concentration of 30 ^g/mi 
to the bath fluid caused an increase in the rate, tone 
and amplitude of contractions. The effect was 
evident immediately after the addition of the drug. 
The effect on the tone as short-lived continuing 
over a few min. The increase in rate and amplitude 
continued for nearly 3 hr after that the movements 
returned to normal. With a higher concentration of 
100 ^g/ml the stimulant effect of the drug 
characterized by short-lasting, small increase in 
tone and amplitude followed by cessation of worm 
movements. The worm continued to remain 
paralysed for more than 6 hr. However repeated 
changes with the bathing fluid, the movements of 
the worm were restored to normal. This reversible 
paralysis has been shown in lower right panel of 
Fig. I when the worm was given repeated washing 
after 60 min. 
On n.m. preparation the aqueous extract of A. 
adscendens produced decrease m spontaneous 
movements characterized by decrease in amplitude 
rate and tone of contractions. The initial stimulant 
effect was not observed. It took about 30 min for a 
concentration of 30 fxg/ml to completely paralyse 
n.m. preparation. The movements were however 
not restored despite repeated changes of the 
bathing fluid (W). This indicate that the paralysis 
caused was irreversible. There was no indication of 
restoration of movements even after 6 hr. Addition 
of acetylcholine (Ach) an excitatory 
neurotransmitter to the bath fluid could elicit the 
response. The response to Ach was concentration 
related being more with a concentration of 5 ^g/ml 
as compared to 1 .^g/ml (Fig. 2). 
Effect of alcoholic extract on the spontaneous 
movements of whole worm and n.m. preparation of 
S. cervi—A typical response to the alcoholic 
extract of A. adscendens on Ae whole worm (upper 
panel) and n jn. preparation (lower panel) is shown 
in Fig. 3. The response of alcoholic extract was 
similar in nature to the aqueous extract. Following 
addition of 75 )xg/ml of the alcoholic extract, die 
whole worm showed an initial increase in 
spontaneous activities characterized by increase in 
amplitude and tone of contractions. This effect 
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min. 
100 ^gAnl 
Fig. 1—Effect of aqueous extract of the roots of A. adscendens on spontaneous movements of whole worm of S cervi. A 
concentration of 30 (ig/ml caused an immediate increase in amplitude, tone and rate of contractions. Effect on tone was short-
lived (upper panel). At a higher concentration of 100 |ig/ml the stimulant effect of the drug characterized by short-lasting small 
increase in tone and amplitude followed by reversible paralysis (lower panel) 
min. 
30 w 6hr 
Achi W|/ml 
Fig. 2—Effect of aqueous extract of the roots of A. adscendens on spontaneous movements of n.m. prefjaration of S. cervi. A 
concentration 30 ng/ml caused decrease in amplitude, tone and rate of contractions followed by irreversible paralysis. The 
response of Ach was concentration related being more with a concentration of 5 ng/ml as compared to 1 ng/ml 
140 
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lasted for about 45 min and was followed by 
decrease in amplitude, rate and tone of 
contractions, and the movements ceased 
completely after about 10 min. The paralysis of 
the worm thus caused continued for more than 6 
hr and there was no spontaneous recovery. 
However, repeated changes of the bathing fluid 
(W), restored the movements to pre drug level. 
On n.m. preparation the effect of alcoholic 
extract of A. adscendens was similar in nature to 
that observed with the whole worm. However the 
concentration required to produce an equivalent 
effect was only 30 fj.g/ml as compared to 75 fig/ml 
for the whole worm. The paralysis caused was 
reversible too as the repeated washings restored 
the movements. 
Both aqueous and alcoholic extracts of the roots of 
A. adscendens caused concentration related effect on 
the survival of microfilariae of S. cervi. The LC50 and 
LC90 as observed after 6 hr is presented in Table 1. The 
alcoholic extract being more potent in its lethal effect 
as compared to the aqueous extract, concentration 
related lethal effect of aqueous and alcoholic extracts 
of A. adscendens in a concentration of 25 ng/ml 
observed for 180 min is shown in Fig. 4. 
Table 1—Effect of aqueous and alcoholic extracts of roots of 
A. adscendens on survival of microfilariae of 5. cervi in vitro 
Extract LC 
Aqueous extract 
LC50 
Aqueous extract 
LC50 
LCi)o 
Cone, ng/ml 
8 
16 
3 
12 
- ^ CONTROL 
•*• AaUEOUS 
-o- ALCOHOLIC 
90 120 
T I M E , MINLn'ES 
Fig. 'i—Effect of aqueous and alcoholic extract of roots of A 
adscendens on survival of microfilariae of 5'. cervi in vilro at 
a concentration of 25 ng/ml 
min. 
76 uoAnl'""' •»" """ " 
" ^ fffECTOfALCOHOUCamACTOfASfAfiAGUSADSCBIDBeWITHESfOKTANEOUS 
BOVEMEJITS OF THE NERVE-HUSCLE PflEPARATION OF SETARIA CEDVI 
min. 
Fig. 3—Effect of alcoholic extract of the roots of A. adscendens on spontaneous movements of whole worm (upper panel) and 
nerve muscle (n.m.) preparation (lower panel) of S. cervi. A concentration 75 ng/ml produced reversible paralysis of whole 
womi while 30 ng/ml was required to paralyse n.m. preparation 
HI 
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Discussion 
Musculature of nematodes is involved in 
qxxitaneous tfayflnnical motility, intestinal fimctions, 
reproduction and structural siqjpott Disnq)tion of 
muculature activity of die parasite will result in 
cessation of activity essential for maintaining bodify 
functions. Antfaebiinitics used have activity directed 
towards causing flaccid or spasHc parahyrsis similar to 
diat observed ir skeletal muscles cr adxx smooth 
muscles, the myogenic activity is modulated by 
neurotransmittas. In case of S. ceni Ach has been 
identified as excitatory while GABA and S-HT have 
been attributed an iidubitoiy function". The flaccid 
paralysis may result fixnn either blockade of Ach 
receptors or agonistic action on S-HT and GABA 
recqitors. On die otho* hand ^xistk; paralysis may be 
broi^t about fay persistent dqx>]arization due to 
accumulation of Ach at the myoieural junction as has 
been shown for levamisole and pyrantel pamoate'\ 
Furdier it has been shown diat oitry of Ca^ ^ is essential 
for triggoing stimulation of movements, hi Ac absence 
of available Ca^ ^ or by bkxking ionic diannels for 
caknum, blocks die stinuikmt effect of 
neurotiansmideis like Ach and drugs on Setaria". 
On die vdiole worm of S. cervi bodi alcoholic and 
aqueous extracts of ^  adscendens produced stimulation 
either initially or in k>w doses and this was foDowed by 
paralysis. Since the effect was mam&st whm n.m. 
complex was exposed directly to die drug, it may be 
assumed diat die initial stimulant respoosc was due to 
irritant effect of die drug. Such type of response has 
been seen widi odier substance as well, wfakh cause 
iiritatiai to die wortiL 
The outer cutkle prevoits a permeability barrier to 
die drug. Tims die reqxmse to drug is manifest at bwer 
concentrations in run. pteparation as conjured to die 
whole worrrL The permeability barrier varies Avidety 
widi different drugs. For exanqik die barrier for Ach*, 
GABA", DEC , pipaazine", mcbendazofe", 
levamisole" is 1/1000, 1/20, 1/100, 1/10 and 1/Sdi 
reqiectivety. On the odier hand die barrier is absohile 
fa* exan^le for S-HT as modificatkxi of movements is 
not seen on whole worm even at very h i ^ 
concentralicns. 
The cuticular permeability barrier for aqueous and 
akxiholic extracts of A adscendens is small as die 
paralysant effect o i n.m. preparatkm is manifest in 
nearly l/3rd concentration required to inhibit die 
movements of die whole womt The effect of bodi 
extracts on Mfhole worm and run. prqxnation was 
reversible as repeated flushing die badi restraed die 
movemraits. The irrevosible paralysant effect of 
aqueous extract on rum. prqiaration indicates diat die 
extract is diffoent fixnn alcoholic, and contains 
substances which has irreversible effect 
The effect of aqueous extract does not seem to be 
related to die action of calcium channel blockers, as die 
stimulant effect of Ach could be eUcited during 
paralysant fdiase. Should diis action be like diat of 
GABA OT 5-HT, receptor binding studies may provide 
some clue. 
On microfilariae in vitro, extract of ^. adscendens 
produced ledial effect at v o y tow concentrations. Even 
die microfilariae \ ^ c h survived showed reduction in 
motility. 
The findings of die stucfy are encouraging. Further 
studies on in vivo model employing Setaria-raX system 
is required to establish the macro and micro filaricidal 
acti(m of die root extracts of ^ 4. adscendens. 
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ABSTRACT 
The effect of aqueous and alcoholic extracts of Argyria speciosa aod StrMus asper was studied 
on the spontaneous movements of the whole worm and nerve-muscte prqwration otSeUuia cervi and 
on the survival of microfilariae in vitro. The concentration of A. speciosa required to inhibit the 
movements of die whole worm was 150 (igAnl for aqueous and 7S ^ gAnl for alcoholic extracts. The 
concentration required to inhibit the movements of nerve-muscle prquration was 25 ^g^ll for 
aqueous and SO n g ^ for alcdiolic extract Both acueous and aloohoUc extracts of A. speciosa caused 
death of microHlaiiae ui vitro. The LC90 value being 3.6 (ig/ml for aqueous and 125 ng/ml for 
alcoholic extract Streblus asper was found to be effective in low concentration *s compved to A. 
speciosa. The concentration required to inhibit the movements of the whole wonn was 75 pgAnl for 
aqueous and 40 (tgAnl for alcoholic extrict On the nerve-muscle preparation the coiKehtration 
required to produce paialy asis was 3 ^ g ^ for aqueous and 25 n g ^ for akoholic extract The LC90 
vahie being 90 ngAnl and i3.SngM>l for aqueous and alcoholic extract 
INTRODUCTION 
Argyria speciosa, a wood climber is found 
throughout India excq)t in dry western regions. 
The root is used in treatmrat of rheumatism and 
diseases of the nervous system and the extract of 
leaves are used as antiphlogestic agent, in skin 
diseases, cough siq>present and for the treatment of 
quincy (Nadkami 1976). Streblus asper is 
indigenous to tropical India. The seeds are used 
orally in epistaxis, piles and diarrhoea and applied 
locally in the ftvm of paste for leucoderma. Root 
has been found useful in epilq)sy, inflammation 
and is iq)plied to boils (Nadkami 1976). No rqrart 
has appeared in literature suggesting them as 
antifilarial. 
The present study was designed to observe 
the effect of aqueous and alcoholic extracts of 
Argyria speciosa and Streblus asper on the 
spontaneous movements of the whole worm and 
nerve-muscle preparation of Setaria cervi and on 
the survival of microfilaria in }ntro. 
MATERIAL AND METHODS 
Adult Setaria cervi Qfematoda: Filarioidea) 
were taken from the peritoneal cavity of freshly 
slaughtned cattle and l»ought to the laboratory in 
a vacuum flask containing modified Ringer's 
solution (Singhal et al. 1973) at 37'C. 
Dried leaves of A. speciosa (1 kg) and S. 
asper (1 kg) jnocured from dqiartment of Botany 
and Tibbiya College, A.M.U., Aligarh were 
extracted with akohol and water sq>arately. 
Whole worm preparation 
Adult S. cervi was suspended in an isolated 
organ bath of 20 ml capacity in modified Ringers' 
solution at 37°C, spontaneous movements of the 
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worm were recorded on a slow moving drum 
(Singhale/a/. 1975). 
Nerve-muscle preparation 
Adult S. cervi was placed in a petridish 
containing modified Ringer's solution (37°C). Two 
dissecting needles were inserted into the worm at 
one end and the cuticle was split longitudinally. 
The intestine and the uterus were severed at both 
ends and removed. The anterior 1/2" of the worm 
was cut o£f to eliminate the influence of the nerve-
ring and cephalic gangUa. The remaining part was 
tied at both end and suspended in an isolated organ 
bath, containing modified Ringer's solution at 
3TC. This preparation SCTved to expose the nerve-
muscle complex directly to the action of drugs, and 
also could exhibit spontaneous rhythmical 
movements similar to those of the intact vform. 
At least 15 minutes were allowed for the 
preparation to stabilize before exposing it to the 
action of drugs (Singhal et al., 1977). 
Collection of microfilariae 
The uterus of the female S. cervi was cut out 
at its junction with the vagina and just below its 
bifurcation and removed from the worm, the uterus 
was teased with the needle in the solution and 
microfilariae freed were transferred to sterilized 
tubes containing serum - Ringer mixture. 
RESULTS AND DISCUSSION 
Effect of aqueous and alcohoUc extract of Argyria 
speciosa on the spontaneous movements of whole 
worm: 
Addition of aqueous extract of A. speciosa to 
the bathing fluid in a concentration 6f 150 |J.g/ml 
caused decrease in tone and amplitude of 
spontaneous contraction of the whole worm of S. 
cervi. The rate of contraction was not visibly 
affected. The duration of effect was for about 30 
minutes. Repeated changes of the bathing fluid ( 
restored the movement (Fig. 1). Increase in 
concentration of the extract further reduced the tone 
and amplitude and increased the duration of effect 
The effect of alcoholic extract was evident in a 
lower concentration. At a concentration of 75 \ig/ 
ml of the bating fluid. Alcoholic extract nearly 
aboUshed the amplitude, reduced the tone and the 
movements because infrequent. The effect 
continued for more than two hours (Fig. 2). 
Repeated wash restored the movements to normal. 
Effect of aqueous and alcoholic extract 
of Argyria speciosa on the nerve-muscle 
preparation of S. cervi. 
Addition of aqueous extract of A. speciosa to 
the bathing fluid caused complete irreversible 
paralysis of the nerve-muscle preparation of S. 
( 
0imM 
wash 
Fig. 1 The effect of aqueous extract of A. speciosa on the movements of S cervi. 
At a concentration of 150 jig/ml the tone and amplitude of contraction was 
reduced. The effect was reversible as repeated change of bath fluid restored the 
movements. 
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Fig. 2. The effect of alcoholic extract of A. speciosa on the spontaneous 
movements of S. cervi. At a concentration of 75 (ig/ml the tone, amplitude and 
frequency of contraction was reduced. Tlie effect was reversible as re{>eated change 
of bath fluid restored the movements. 
Ach 100 ng/ml 
Fig. 3. The effect of aqueous extract of A. speciosa on the spontaneous 
movements of the nerve-muscle preparation of S. cervi. At a concentration of 25 
Jig/ml the tone, amplitude and frequency of contraction was reduced. The effect 
was irreversible as repeated change of bath fluid failed to restore the movements. 
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Ach 100 ng/ml 
Fig. 4. The effect of alcoholic extract of A. speciosa on the spontaneous 
movement of the nerve muscle preparation of S. cervi. At a concentration of 50 
ng/ml the lone and amplitude of contraction was reduced. The effect was 
irreversible as repeated change of bath fluid failed to restore the movements. 
cervi at a concentration of 25 M.g/!ml. (Fig. 3). 
Repeated changes of the bathing fluid failed to 
restore the movements of the nerve-musrle 
preparation. However the addition of acetylcholine 
(100 M-g/ml) in the paralysant phase caused its 
typical stimulant response suggesting that the 
paralysis induced was not due to blocked of Ach 
which has been identified as an excitatory 
neurotransmitter m 5. ce.r\ii (Singhal et al. 1977). 
The response of alcoholic extract of A. 
speciosa on nerve-muscle preparation was similar 
in nature although it was evident at a much more 
lower concentration (50ng/ml, Fig. 4) suggesting 
that the active ingredient is extracted to a greater 
extent in alcohol as compared to water. Further the 
effect of Ach was not blocked by alcoholic extract 
Effect of aqueous and alcoholic extract 
of Streblus asper on the spontaneous 
movements of whole worm. 
Aqueous extract of Streblus asper in a 
concentration of 75 |ig/ml caused decrease in tone, 
amplitude and frequency of the spontaneous 
Fig. 5. The effect of alcoholic extract of 5. asper on the 
spontaneous movements of S cervi. At a concentration 
of 40 pLg/ml the tone, amplitude and frequency of 
contraction was reduced. The effect was reversible as 
repeated change of bath fluid restored the movements. 
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Fig. 6 The effect of aqueous extract of S. asper on the 
spontaneous movements of the nerve-muscle {jreparation 
of 5. cervi. At a concentration 3 ng/ml the tone and 
amplitude of contraction was reduced. The effect was 
reversible as repeated change of batli fluid restored the 
movements. 
Fig. 7. The effect of alcoholic extract of 5. asper on the 
spontaneous movements of the nerve-muscle preparation 
of 5. ccrvj. At a concentration of 25 >)g/ml the tone, 
amplitude and frequency of contraction was reduced. The 
effect was irreversible as repeated change of bath fluid 
failed to restore the movements. 
movements. The effect was continued till the 
worm was in contact with the drug. Repeated 
changes of bath fluid could restore the movement 
The response of the alcoholic extract on the whole 
worm of S. cervi was similar in nature. The 
movements were restored following repeated 
changes in the bath fluid. However the 
concentration required to influence the movements 
was only 40 ^g/ml (Fig. 5). 
Effect of aqueous and alcoholic extract 
of Streblus asper on the nerve-muscle 
preparation of S. cervi. 
Fig. 6 shows the effect of aqueous extract of 
S. asper on the spontaneous movements of nerve-
muscle preparation of S. cervi. The effect was 
similar in nature to that observed on the whole 
worm. However concentration required to produce 
an equivalent effect in die nerve-muscle preparation 
was 3 ng/ml (Fig. 6). Repeated changes of the 
bath fluid was effective in restoration of the 
movements. 
The effect of alcoholic extract of Streblus 
asper in a concentration of 25 ng/ml caused 
decrease in tone and amplitude. Frequency also 
decreased and after five minutes the worm was 
completely paralysed Repeated changes of the bath 
fluid failed to restore the movements (Fig. 7). 
Acetylcholine (Ach) is a natural excitatory 
transmitter in Setaria neuro-muscular junction and 
causes stimulation of the movements of the whole 
worm as well as the nerve-muscle preparation 
(Singhal el al., 1977). The response to Ach was 
blocked by alcoholic extract. 
Irreversible paralysis suggested that cuticle 
of 5. cervi offers a permeability barrier to A. 
speciosa and S. asper present in the bath fluid as 
has earlier been seen for other drugs like 
acetylcholine 5-hydroxytryptamine, diethylcar-
bamazine, levamisole and mabendazole (Singhal et 
al., 1977. 1978a, b, c). 
Aqueous as well as alcoholic extract of 
Argyria speciosa and Streblus asper caused 
concentration related lethal effect on the 
microfilariae of S. cervi. However, the alcoholic 
extract was more potent as compared to aqueous 
extract (Table 1). 
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Tabk 1: Effect of aqueous and aloobdic exdact of 
A. spedosa and S. asper gn the survival of 
ttdaoSlaiaeoiSetariacervi in vitro. 
Plant extract 
A.^dosa 
Aqueous ezliact 
lAo 
LC90 
Akohcdicextnct 
ITso 
LC90 
5.0910-
Aqueons extract 
LC50 
LC90 
Alcoholic extract 
LC50 
LCw 
Concentration 
2.4 Mg/ml 
3.6 ^ m l 
7Sng/ml 
12Sng/inl 
30ng/taa 
90ngAnl 
24ngAnl 
33.S ngAnl 
The two plants possess potential antifilarial 
activity to be explored further. 
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Exploration of Antifilarial Potential and 
Possible Mechanism of Action of the Root 
Extracts of Saxifraga stracheyion on Cattle 
Filarial Parasite Setaria cervi. 
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The effect of aqueous and alcohol extracts of the roots of Saxifraga stracheyi Engl. On the spontaneous 
movements of both the whole worm and the nerve muscle preparation of Setaria cervi and on the survival 
of microfilariae in vitro was studied. Both extracts caused the inhibition of spontaneous movements of the 
whole worm and the nerve-muscle preparation of 5. cervi, characterized by an increase in the amplitude 
and a decrease in the rate of contractions, while the tone of the contractions remained visibly unaffected. 
The concentration required to inhibit the movements of the whole worm preparation was 140p.g/ml for the 
aqueous and 250)i.g/ml for the alcohol extract. The concentration of S. stracheyi extracts required to pro-
duce an equivalent effect on the nerve-muscle preparation was 30p.g/ml for aqueous, and 20ttg/ml for the 
alcohol extract, suggesting a cuticular permeability barrier. Copyright © 2000 John Wiley & Sons, Ltd. 
Kexwords Saxifraga steacheyi, Setaria tervi antililanal activity, microfilancidal 
INTRODUCTION MATERIAL AND METHOD 
The root extract of Saxifraga stracheyi has been used in 
the Ayurvedic system of medicine for diseases of the 
urinary tract (Asolkar et al, 1992). Although no reference 
is available for its use in helminthic or any other parasitic 
infections, its effectiveness in spasmodic pain of the 
urinary tract which may result from the action on 
neurotransmitters prompted us to study the effect of the 
aqueous and alcoholic extracts of S. stracheyi on the 
notility and survival of the adult worm and the 
microfilariae of the filarial nematode parasite Setaria 
cervi. Some constituents including ^-sitosterol, ( + ) 
catechin-3-gallate and bergenin have been identified in 
the roots of 5. stracheyi (Yamaki & Inone, 1946; Hayashi 
et. al., 1949). 
S. cervi, a nematode parasite of the cattle water buffalo 
(Bubalis bubalus Linn.) resembles closely the human 
filarial worms in its response to drugs and can therefore 
be used for the screening of potential antifilarial agents 
(Singhal et. al., 1969, 1973). Setaria exhibits vigorous 
rhythmical movements which can be recorded on a 
kymograph by suspending the worm in an isolated organ 
bath. Also, the nerve-muscle preparation of the worm 
exhibits similar movements (Singhal et al., 1977). The 
present study was designed to observe the effect of the 
aqueous and alcohol extracts of 5. stracheyi on the 
spontaneous movements of the whole worm, nerve-
muscle preparation and on the survival of 5. cervi in vitro. 
* Correspondence to Dr R Singh. Department of Pharmacology, 
Medical Collage, A M U , Aligarh - 202002, India 
Contract/grant sponsor Aligarh Muslim University 
JN 
Motile adult 5. cervi (Nematoda: Filariodea) of average 
length 6.0 -I- /-1.0cm and of average weight 
35 -I- /-6.0mg were obtained from the freshly slaugh-
tered cattle (B. bubalus Linn.) and brought to the 
laboratory in a vacuum flask containing modified Ring-
er's solution (NaCI 9g, KCI 0.42 g, NaHCO, 0.5 g, 
CaCN 0.24 g, glucose 0.25 g in IL distilled water) at 
37 °C (Singhal et. al., 1973). The time period between the 
removal of the worms from the host to the laboratory was 
less than 5 hours. In the laboratory, the worms were 
repeatedly washed with the same solution to free them of 
any extraneous material. 
Whole worm preparation 
Adult S. cervi was suspended in an isolated organ bath of 
20mL capacity, in modified Ringer's solution at 37°C. 
Spontaneous movements of the worm were recorded on 
a slow moving drum (Singhal et al., 1975), aeration 
was not required as it did not improve the motility of 
the worm. About 15 minutes was allowed for the 
movements of the worm to stabilize before eliciting the 
response to the drug. The drug was added in increasing 
concentrations to the bathing fluid and allowed to remain 
in contact for 15 minutes, if there was no response it was 
considered inattive. A fresh worm was used to test each 
concentration of the extract, this precaution was taken to 
avoid a cumulative response of the residual drug in the 
worm. j J Q 
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Figure 1 The (rreversible effect of 140 |.ig/mL aqueous extract 
of the roots of S stracheyi on the spontaneous movements of 
the whole worm preparation of S cervi 
Nerve-muscle Preparation 
A woim was placed in a petri dish containing modified 
Ringer's solution Two dissecting needles were inserted 
at one end of the worm and the cuticle was split 
longitudinally in one stroke The antenor 1cm of the 
worm was cut ott to eliminate the influence of the neive 
ring and the cephalic ganglia The remaining pait was 
tied at both ends and suspended in the isolated organ bath 
containing modified Ringer's solution at 37 °C 
ColJection of microfilariae 
The uterus ot a female 5 cenn was cut at its junction with 
the vagina and just below the bifurcation and removed 
from the worm The uterus was teased with a needle in 
the solution and microfliaiiae were treed The micro-
filariae were suspended in human serum Ringer mixture, 
the count was adjusted to lOO/mL, and 0 ^mL aliquots of 
the microfilariae suspension were placed in sterilized 
screw capped bottles containing aqueous or alcohol 
extracts of 5 s/;«<:/i(;^ \/in an equal serum Ringer mixture 
(v/v) S s/ra(;/;(^\/extract was added in doubly increasing 
concentrations ot 5 ng/niL The bottles were kept in an 
incubator at 37 °C and examined under a microscope after 
6 hours to count the living and dead microfilariae The 
LC<iQ and LCyo was calculated from a concentration/death 
graph In a preliminary set of experiments it was 
ascertained that the concentration of alcohol/water in 
the suspending medium did not influence the survival/ 
motility of the microfilariae 
In a preliminary expenmenl, the aqueous and alcohol 
extracts of S stracheyi were added to microfilariae in 
concentrations of 5, 10, 15, 20 and 25 ng/mL to 
determine the limits of activity within 6 hours at 37 °C 
Within these limits six concentrations were selected to 
observe the survival of microfilariae The effect of each 
dose was observed 10 times The mean of the values was 
plotted on a graph 
Dried and powdered roots of S strache\i were 
extracted with ethanol and water separately The crude 
Copyright (j 2000 John Wiley & Sons, Ltd 
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Figure 2 The reversible effect of 30 ng/mL aqueous extract of 
the roots of S stracheyi on the spontaneous movements o* 
the nerve muscle preparation of S cervi 
ethanol extract was dried and dissolved in 9 5 ^ ethanol 
before use The addition of 0 2 to 0 5mL vehicle (95% 
ethanol or water) to the organ bath containing 20mL 
Ringer's solution had no effect on worm motility 
RESULTS 
Effect of aqueous extract on the spontaneous 
movements of whole worm and nerve-muscle 
preparation of S cervi qp 
The addition of 14()|.ig/mL of aqueous extract of S 
stiacheyt to the bath fluid modified the movements of the 
whole worm S cervi, while at lowei concentrations, it 
was inactive The response was characterised by initial 
stimulation followed by paralysis The initial stimulator 
response was characterised by an increase in amplitude 
while the rate ot contractions decreased The amplitude 
continued to exhibit an increase until about 2h 30 mm, 
thereafter it started declining and m another 30 mm 
contractions ceased completely Repeated washing with 
the bathing fluid failed to restore the movements of the 
whole worm (Fig I) 
On the nerve-muscle preparation the effect of the 
aqueous extract was manifest at a concentration as low as 
30 |ig/mL of bath fluid The onset of initial stimulation 
was observed after an interval of a few minutes (Fig 2 
upper left panel) but became visibly evident after about 
15 mm of addition of the extract to the bathing fluid The 
response was characterised by an increase in amplitude 
while the rate and tone of the contractions remained 
nearly unaffected The phase of stimulation was short 
lived and after another 10 minutes the amplitude started 
decreasing and became lower than the pre drug level 
(Fig 2 upper right panel) The movements of the worm, 
though not restored to normal showed a spurt of short 
lived activity which was followed by a complete 
cessation ot movement (Fig 2 lower right and left 
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Figure 3. The reversible effect of 250 |.ig/mL alcohol extract of the 
roots of S stracheyi on the spontaneous movements of the whole 
worm preparation of S. cervi. 
20 pg/mi 
Figure 4. The reversible effect of 20 ng/mL alcohol extract of the 
roots of S stracheyi on the spontaneous movements of the nerve 
muscle preparation of S. cervl. 
panels). Repeated washing with drug free bathing fluid 
could nol restore the movements. 
Effect of alcohol extract on the spontaneous 
movements of whole worm and nerve-muscle 
preparation of S. cervi 
The response to the alcohol extract of 5. stracheyi was not 
quite similar to that observed with the aqueous extract. 
Addition of alcohol extract in a concentration of 250 ng/ 
mL caused immediate initial stimulation and was 
characterised by an increase in amplitude and tone of 
contractions. The rate of contractions was unchanged 
initially but showed a decrease after about 30 min when 
the increase in amplitude became highly significant and 
visible. The amplitude increased by nearly 3 times the 
original. The rate thereafter started declining slowly 
while the amplitude continued to remain increased. After 
about 90 min there was a further decrease in the rate of 
contractions which became distant and the amplitude 
decreased. After about 3 h when the preparation was 
given repeated washings with the bathing fluid the 
contractions were restored to normal (Fig. 3). 
Copyright © 2000 John Wiley & Sons, Ltd. 
The effect on the nerve-muscle preparation (Fig. 4) 
was manifest with a concentration about 14 times less 
than required to affect the movements of the whole worm 
preparation. Addition of the alcohol extract in a 
concentration of 20|ig/mL caused a reduction in rate 
and amplitude of contractions while the tone showed no 
visible change. Nearly 5 min after the addition of the 
drug, the worm was completely paralysed. Repeated 
washing with the bathing fluid was effective in restora-
tion of the movements. 
Table 1. The effect of aqueous and alcohol extract of the 
roots of S. stracheyi on the survival of microfiliar-
iae of S. cervi in vitro 
Extract LC 
Aqueous extract 
LC50 
LC90 
Alcohol extract 
LC50 
LC90 
^ Concentration mean of 10 results. 
Concentration (ng/mL)^ 
8 
20 
10 
23 
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Figure 5 Effect of aqueous and alcohol extracts of the roots 
of S stracheyi on the survival of microfilariae of S cervi m 
vitro at a concentration of 25 ng/mL • Control, f Aqueous, 
* Alcohol 
Both aqueous and alcohol extracts of the roots ot S 
siracheM caused concentration related effect on the 
survival ot microfilanae ot S cenn The LCso imd LC90 
as observed after 6 h is presented in Table 1 The aqueous 
extract being more potent in its lethal effect compared 
with the alcohol extract The effect of aqueous and 
alcohol extracts of 5 stracheyi in a concentration of 
25 ng/mL observed for 240 min is shown in Fig 5 
extract on both the whole worm and the nerve-muscle 
preparation was reversible, whereas the aqueous extract 
produced irreversible paralysis of the Setana prep-
aration 
Whole worm movements were stimulated initially 
by both aqueous and alcohol extracts, whereas a 
stimulatory action on the nerve-muscle preparation was 
only obtained with the aqueous extract On the nerve 
muscle preparation the alcohol extiact produced only 
paralysis without the initial stimulation The response of 
Setana to the root extracts of S stracheyi observed in the 
present study resembles diethylcarbamazine (DEC), in 
that low doses cause stimulation characterised by 
increase in amplitude followed by paralysis (Singhal et 
a l , 1978) DEC antagonises a voltage sensitive K"*" 
conductance (Martm, 1982) S stracheyi root extracts 
may provide a chemical lead for the synthesis of new 
derivatives which might prove to be potential antitilanal 
agents 
On the microhlariae ot the S ceni, root extracts of S 
stiachcM reduced the survival time in a concentration 
related manner If this concentration can be presented to 
the microtilanae in vivo, the extract could be a usefu' 
tool for the treatment of filariasis However, investigation 
on an in vivo model is essential before making such a 
claim 
DISCUSSION 
It is interesting to note that the effect of the alcohol 
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5I6I1I2> mono or disubstituted lH/l-phenyl-9H-pyrido [3,4 b] indoles— 
A new class of antifilarial agents and their relationship with voltage 
sensitive calcium channels in Setaria cervi 
Shalini Kapoor & K C Singhal* 
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Synthetic compounds of 5/6/7/8 mono or disubstituted IH/l-phenyl-9H pyrido (3,4 b) indole series 
were screened for their antifilarial activity in vitro by observing their effect on the spontaneous movements 
of the whole worm and nerve muscle preparation of 5. cervi (Nematoda : Filarioidea). Of the 10 compounds 
tested only compound 87/581 was able to modify the movements of whole worm and nerve muscle 
preparation. This compound caused inhibition of spontaneous motility of whole worm and nerve muscle 
preparation of S. cervi characterized by initial short lasting stimulation followed by irreversible paralysis. 
The concentration required to inhibit the movements of n.m. preparation was 10 (ig/ml as compared to 25 
Hg/ml for the whole worm preparation, suggesting a cuticular permeability barrier. Prior addition of 
compound 87/581 to the bath fluid blocked the calcium ion dependent stimulant effect of Ach and pyrantel 
pamoate. Further the initial stimulant effect of the compound was blocked by prior addition of nifedipine a 
calcium channel blocker. The findings suggest that the action is due to blockade of voltage sensitive calcium 
channels. 
Setaria cervi is a peritcneal cavity parasite of 
water buffalow Bubalis bubaliis Linn and is 
capable of maintaining itself in modified Ringer's 
solution for more than 24 hr provided the solution 
is replaced either by slow continuous flow or 
periodically ' . In the bathing fluid Setaria exhibit 
spontaneous rhythmic contractions. Acetylchloline 
(Ach) has been identified as an excitatory 
neurohumor while GABA and 5-hydroxytrypt-
amine (5-HT) may at as inhibitory neurohumors 
and produce either spastic or flaccid paralysis of 
the whole worm or the nerve muscle preparation of 
Setaria when suspended in isolated organ bath. 
5/6/7/8 mono or disubstituted lH/l-phenyl-9H-
pyrido [3,4 b] indoles (P-carbolines) have shown 
filaricidal activity (micro and/or macrofilaricidal 
action or sterilization of female worm) against 
Litomosoides carinii or Acanthocheilonema vitae. 
Therefore, this class of compounds were evaluated 
for their macrofilaricidal activity on the whole 
worm and nerve muscle preparation of S. cervi 
in vitro with a view to find the possible mechanism 
of action. 
•Correspondent author 
Materials and Methods 
Adult S. cervi were obtained from peritonial 
cavity of freshly slaughtered cattle {Bubalis 
bublaus Linn) and brought to the laboratory in 
modified Ringer's solution maintained at 37°C. In 
the laboratory the worms were repeatedly washed 
with the same solution to free them from any 
extraneous material. 
Whole worm preparation—^A 20 ml capacity 
isolated organ bath containing modified Ringer's 
solution at 37°C was used to suspend the worm. 
The posterior end was tied to a hook at the bottom 
of the bath. Anterior end was attached to a frontal 
writing lever. Air or oxygen was not bubbled 
through the solution as ti did not improve the 
motility of the worm. At least 15 min were allowed 
for a worm to settle down before adding a drug. A 
fresh worm was used to test each dose of drug. 
Nerve-muscle preparation—^A worm is placed 
in a petridish containing modified Ringer's 
solution. Two dissecting needles were inserted at 
one end of the worm. The cuticle was split 
longitudinally apart in one stroke. The anterior 
1/2" of the worm is cut off to eliminate the 
153 
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influence of the nerve ring and the cephalic 
ganglion. The remaining constituted essentially the 
nerve-muscle preparation which is tied at both 
ends and suspended in isolated organ bath 
containing modified Ringer's solution. After 15 
min when the preparation was stabilized to elicit 
spontaneous uniform movements drugs were 
added to the bath. 
Drug was classified as inactive if it did not 
modify movements after remaining in contact with 
the worm for 10 min. 
The various 5/6/7/8 mono or disubstituted IH/I 
phenyI/9H-pyrido (3,4 b) indoles were synthesized 
starting from DL-tryptophan according to literature 
procedure at CDRl, Lucknow, India and the drug 
was tested against whole worm and nerve muscle 
preparation of S. cervi in this laboratory. The 
compound tested are listed in Table 1. 
Result 
Ten compounds of 5/6/7/8 mono or 
disubstituted lH/1 phenyl-9H-pyrido [3,4, b] 
indole series (Table 1) were tested for their effect 
on spontaneous movements of the whole worm and 
n.m. preparation of S cervi the effect on motility 
was manifest only with compound 87/581 
[IR=C6H5, R ' = R ^ = R ^ = R ' = H ] . 
Effect on whole worm preparation—Imme-
diately following the addition of compound 87/581 
(25 M g^/ml) to the bath fluid, the tone as well as the 
rate of spontaneous contractions of whole worm of 
S. cervi increased. The amplitude was decreased. 
The increase in tone which was very high initially 
lasted only for 2-3 min and started decreasing 
thereafter, maintaining a level higher than 
observed in predrug contractions. The rate of 
contractions and the amplitude showed a gradual 
persistent decline. This state of spastic paralysis of 
the whole worm preparation continued till the 
worm was dead after about 6 hr. Repeated changes 
of the bath fluid failed to restore the movements of 
the worm (Fig. 1). 
mm 
PPbO>jg/ml 
fig I—Effect of compound 87/581 indicated as D on 
spontaneous movements of whole worm of S cervi (a) A 
concentration of 25 ng/ml caused initial simulation followed 
by irreversible spastic paralysis (b) Identical effect produced 
by pyrantel pamoate on nerve muscle preparation of 5 cervi at 
a concentration of 50 ng/ml 
Table 1- -5/6/7/8 mono or disubstituted lH/l-phenyl-9H pyrido indoles screened for their antifilarial activity against 
Selaria cervi in vitro 
In vitro 
Comp No 
87/576 
87/581 
87/639 
87/640 
87/644 
87/645 
87/646 
91/266 
R 
H 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 
H 
R' 
H 
H 
If 
H 
H 
H 
H 
H 
R^  
NHCOCHj 
H 
NO2 
H 
H 
NHCOOC2H5 
H 
H 
R' 
H 
H 
H 
H 
H 
H 
H 
H 
R^  
H 
H 
H 
NO2 
NHCOOC2H5 
H 
NHCOOQH; 
M 
WW prep 
Inactive 
Active 
Inactive 
" 
" 
" 
" 
" 
nm prep 
Inactive 
Active 
Inactive 
" 
tt 
tf 
It 
tl 
Ww prep - whole worm preparation 
Nm prep - nerve muscle preparation 
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Addition of acetylcholine (Ach) and pyrantel 
pamoate (PP) to the bathing fluid produced nearly 
identical stimulant response on the whole worm 
and n.m. preparation of 5. cervi. The stimulation is 
min 
. h 
D10>ig/ml 5hrs w 
0 10>jq / ml Ach I p g / ml 
Fig 2—rffcct of compound 87/581 indicated as D on 
sontaneous movements of n m preparation of .S ccrvi (a) A 
concentration by irreversible spastic paralysis (b) Prior 
addition of compound 87/581 to the bath blocked the stimulant 
effect of acetylcholine on n m preparation of 5 cervi 
characterized by increase in tone, rate and 
amplitude (Fig. lb). Prior addition of compound 
87/581 to the bath fluid inhibited the stimulant 
response of both Ach and PP. The blocking effect 
was concentration related being partial at low and 
complete at higher concentrations. 
In another set of experiments nifedipine (2 
(ig/ml) a calcium channel blocking agent was 
added to the bath fluid. Nifedipine produces 
inhibition of spontaneous movements of the 
parasite by blocking the entry of Ca^ ^ through 
gated channels. Stimulant effect of compound 
87/581 could not be elicited when it was added 
during the relaxant effect of nifedipine on Setaria 
(Fig. 3). 
The effect of compound 87/581 on n.m. 
preparation of Setaria was similar in nature to that 
observed with the whole worm. However, the 
concentration required to produce an equivalent 
effect was 10 ug/ml with n.m. preparation as 
compared to 25 |ig/ml required for whole worm 
(Fig. 2). The stimulant effect of Ach and PP wds 
also blocked on n.m. preparation by compound 
87/581 as was seen with the whole worm 
preparation (Fig. 2). 
None of the other 5/6/7/8 mono or disubstituted 
lH/l-phenyl-9H [3,4 b] indoles tested was able to 
modify the movements of the whole worm or the 
nerve muscle preparation of 5'. cerxi. 
m m 
Nifedipine 2 / i g / m l D10>jg/ml t W 
Fig 3—Prior addition of nifedipine to the bath fluid blocks the stimulant effect of compound 87/581 (!0 (jg/m!) indicated as D 
on the n m preparation of 5 ce/r/ The paralysis induced b> the drug is irreversible 
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Discussion 
The micro and macro filaricidal activity of 
compound 87/581 has been shown against L. viteae 
in vivo. The reported macrofilaricidal effect is 
based on the recovery of dead worms at autopsy 
after the drug has been administered 
intraperitoneally. A macrofilaricidal agent can 
produce its effect by paralysing or killing the worm 
directly. The paralysis could be reversible or 
Irreversible and is likely to be brought about by 
either inhibition of stimulatory neurotransmitter 
acetylcholine (Ach) or by mimicking the effect of 
inhibitory neurotransmitter GABA or 5-HT. 
The compound 87/581 crosses the cuticular 
barrier of the whole worm of S. cervi as is evident 
from its inhibitory effect on whole worm. However 
cuticle does present a partial barrier to the 
penetration of the drug, which can be seen by ten 
times less requirement of drug in nerve-muscle 
preparation to produce an equivalent inhibitory 
effect. 
Electrophysiological techniques have been used 
to study the effect of cholinergic agonist and 
antagonists in nematodes^*. Levamisole and 
pyrantel are potent agonist at the Setaria Arch 
receptors that at vertebrate nicotine receptors 
where they have only weak nicotinic actions'''". 
The selective action of these drugs on nematode 
cholinergic receptors allows them to be used as 
anthelmintic. Prior addition of compound 87/581 
to the bath fluid blocks the stimulant actions of 
these cholinergic agonist namely acetylcholine, 
levamisole and pyrantel on the whole worm and 
nerve muscle preparation of Setaria cervi. The 
block was concentration related. The other seven 
chemically related 5/6n/S mono or disubstituted-
lH/l-phenyl-9H-pyrido [3,4 b] Indoles had no 
effect either on the spontaneous movements of the 
whole worm and n.m. preparation of Setaria or on 
the stimulant effect of these cholinergic agonists. 
Evidence has shown that Ach, levamisole and 
pyrantel activate same channels in the muscle 
vesicles of worm Acaris suum. These channels 
have been identified as Ca^* channels. The channel 
open and burst time are voltage sensitive. Little 
pharmacology has been done on Identification and 
characterization of Ca^* channels In filarial 
parasites. Recent experimental evidence clearly 
indicate that like mammalian tissues, filarial 
parasite of cattle S. cervi possesses calcium 
channels and presence of Ca^* is essential for 
maintaining its spontaneous rhythmic movements. 
These L type calciiim channels are blocked by 
calcium channel blocking agent nifedipine and are 
opened up transiently by high concentration of K* 
the stimulant effect of Ach depends upon the 
availability of Ca^*. In the absence of Ca^ .^in bath 
fluid, addition of EDTA a calcium chelating agent 
or addition of nifedipine a calcium channel 
blocking agent blocks the stimulant effect of Ach 
in a concentration related manner''^. The 
compound 87/581 has a similar effect on the 
movements of whole worm and n.m. preparation of 
Setaria. Further, prior addition of 87/581 too 
blocks the stimulant effect of Ach, levamisole and 
pyrantel acting on the identified Ca^^.channels. It 
may be argued that compound 87/581 brings about 
paralysis of filarial Ca^'^.channels. Experiments 
may be required to investigate whether this 
blockade of Ca^* channels is confined to the filarial 
parasite or it extends to the mammalian host too. 
Selectivity confined to filarial parasite should be 
useful to Investigate 87/581 for potential use as 
antifilarlal agent In mammalian host. 
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A NliW P1PIERAZIN0B1GUANID1£ SERIES EFFECTIVE 
AGAINST SYFHACIA OBVELATA IN MICE 
K C. SINGIIAL 
Di/iailnwnl oj i'liuimMolom, J N. Mftluul LulU'ne, Alinuih, tiutia 
ALLcpicJ hebruaiy 21, 1975 
Drown c( .tl (IJ and l-ijilcni^l ci al (2j have evaluated a large numbei of pipeiazuic 
deiivaiives atjaniNl Sypluuui obvclatu in mii.e. It was thought worthwhile to extend thiii 
itiudy by ikCreeniiig nioie of ilieMC deiivatives The laboratory exposure method described 
by Chan (3) was used to obtain relatively unifoim infection in mice. The infected mice 
'were fasted for one day prior to diug treatment. Drugs were administered m doses of 
100, 200 and 500 mg/k.g body weight, bach dose was suspended in 0.5 ml of distilled 
water (ogetlicr with gum acacia and administeied orally. The mice were allowed food 
on the day of iicatmcnt and were fasted again the next day. Autopsy was carried on the 
day following the treatment. Contents of caecum and rectum were brushed out gently 
into a petri dish containing water and woim count was done against a black backgiound. 
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TAULL 1. 
X-NN' ) N - C - N H -C-Nllr-HCI 
'•CI I,-CM/ II II 
NH NH 
X 
r~s-
C l l j 
^ " \ 
CHjS f^ N 
-CHjCO 
Hipcru/inti Citruic 
X 1<. 
Ur COOC.H. 
1 COOCMI, 
Ur C,H, 
I C.l l . 
Hr p-CHjC,H. 
Br 0-CI-l,C.H, 
J 0-CH,C,Hi 
Code Name 
PPb (N-O-tolylJ 
I'I'b (N-l'licn>l) 
I'l'b (N-p-iol>)) 
Hl'b (N-uc'-pip) 
gin/kg 
1.2 
1.4 
1.2 
11.0 
X 
\ / \ ' ^ ^ N - C H , - C l i , 
'vU 
lir-QZ.-lM' (NCOOCH.) 
I'QZ-PP (N-COOCU.) 
Jir-QZ-ri' (N-phcnyl) 
l-QZ'l'l' (Phenyl) 
Ur-QZ.I'P (I'-lolyl) 
Ur-QZ-PP (0-iolyl) 
l'QZ.PP(N-O-lolyl) 
Dose 
lug/kg 
500 
200 
100 
50 
200 
100 
500 
200 
500 
200 
- < : 
Mice 
cleared 
5/5 
8/8 
7/8 
1/5 
5/5 
0/5 
5/5 
0/5 
0,2 
7,8 
NN-R 
% 
cleared 
100.0 
100.0 
82.5 
20.0 
100.0 
0.0 
100.0 
0.0 
0.0 
87.5 
Evaluation 
of treatment 
Active 
Active 
Active 
Inactive 
Active 
Inactive 
Active 
Inactive 
Inuctive 
Active 
Doses ol" 200 and 500 nig/kg icsied in 
groups each of two mice were found 
inelfective. 
The dose response was cslinialcd according to the proportion of mice cleared of infection 
^ and compared with pijjcrazine citrate which served as the standard. The approximate 
LU50 of active compounds was determined on albino mice weighing between 20-25 G. 
Table I summariAJs the results. PPb (N-phenyl) cleared all the mice of i'. obvcluia 
at 200 ing/kg dose. The lower do.se of 100 mg/kg did not show any clfcct. PPb (N-ac'-
pip), in which phenyl ring is substituted for the acetyl group, was found incH'eciive up to a 
dose of 5(K) mg/kg. PPb (N-0-lolyl), with methyl group at ortho position, exhibited a 
dose dependent response. It clearcu 82.5 % of the mice of their infection at a doiC of 100 mg/ 
kg. This clfeci was equal to that observed with 200 mg/kg of pipcrazine citrate. PPb 
(N-p-tolyl) in which the methyl group is substituted in the para position cleared 100"^  mice 
of their infection at 500 mg/kg dose. The lower dose of 200 mg/kg was found to be in-
elfective. 
None of the seven quiinuolone derivatives tested for aiuhelminiic activity against 
S. ubvfluia, was found to be active up to a dose of 500 mg/kg orully (Table I). 
The pre.sence of a phenyl substitution in the biguanide derivative of pipcTa/.ine ap-
pears esscnliaj tor aiuhelminiic activity. Tliis is evident from the observation tlui its 
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rcplaceinciii by ihe acetyl gioup rciulb in abolition of the activity, (Tabic 1). The pre-
!>cnt /indingb arc not in purullel with the conclusions of Brown et ul (1) thut the pipcrazine 
bu!>c anil iib Mnii>le baits arc more eHeciivc againDt S. obwlutu than arc more complex sub-
stituted compounds. Further, substitution of a methyl gioup in the phenyl ring at oriho 
position enhances the ucli iiy, while substitution al ilie paru position, decreases the acti-
vity. However, with Ihe incicase in the anihelmmiic activity there is also an increase in 
toxicity of the compounds as is evident from the column 3 of Table I. 
Rbt-UKl-NCLS 
1) UKDWN. H.W., C'liAN, K F. ANi> HDSSAY. K..L.: Am J. Tiop. Shut. Hyg , 3, 504 510. 1^54, 
2) llAHt-tNIM, M., l-AMLLI, R.V., l i M I / l X , l< , liKdWN, 11 W., llUSSA\, K. L. ANIJ CllAN, K.h . 
J. Hltaimuiol. ,..\p. Titer.. J21, 347 153. iy57. 3) ( MAN, K.V.. Am. J. Ilyn., 56, 22-30, |y52 
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A CLINICAL TRIAL WITH MEBENDAZOLE IN 
ASCARIASIS AND ANKYLOSTOMIASIS 
K. C. Singhal, M. C. Gupta and P. N. Saxena 
SUMMARY A new anthelmintic drug, 
mebendazole, was evaluat-
ed in 143 adult or pediatric patients in-
fected with ascariasis or ankylostomiasis. 
Stoll's egg, coimting technique and ether 
sedimentation technique were employed. 
Mebendazole was. administered to all the 
patients in a dose of 100 mg morning and 
evening for three consecutive days. Side-
effects observed in occasional patients, 
were nausea (3), vomiting (3), diarrhoea 
(4), abdominal discomfort (3) and pain 
in abdomen (3). No fever or skin rashes 
were observed in any patient. The drug 
was well tolerated by patients with asso-
ciated diseases and there was no alteration 
in their bioctemical or haematological 
profile following treatment. The wide 
spectnnn of anthelmintic activity, un-
usually high degree of effectiveness, and 
consequent absence of significant side-
effects makes this drug a valuable tool 
for mass eradication of intestinal hel-
minths. 
N.B.—^Throughout the article the figures 
in brackets represent the number 
of cases showing the particular 
condition alluded to. 
INTRODUCTION 
Mebendazole (Methyl-5-benzoyl benza-
midisole-2-carbamate), a recent introduc-
tion, has been reported to possess poly-
valent anthelmintic efficacy. It has shown 
promising effect against Ascaris Imnhri-
coides, Trichuris trichuria, Enterohius 
Departments, of Pharmacology and Medicine, 
J. N. Medical College. A.M.U., Aligarh. 
vermicularis and Ankylostoma duode-
nale.^-^ 
Pena Chavarria et aP did not find any 
adverse haematologic, hepatic or renal 
changes based upon the extensive blood 
tests including hemoglobin content, hema-
tocrit, hemogram, prothrombin time, 
serum glutamic oxalacetic-acid-transami-
nase, alkaline phosphatase, blood urea 
nitrogen and the examination of urine for 
specific gravity, pH, sugar, albumin, 
cylindroids and cells, carried out before 
and 72 hrs after treatment comprising a 
single dose of 200 or 300 mg and 100 mg 
twice daily for 2, 3 or 4 days.- A report 
from the Janseen Pharmaceutical Re-
search Laboratory* mentions that there 
was slight chronic stimulation of hepato-
cytes in the liver and degeneration of 
tubules in the testes with desquamation 
and marked or complete inhibition of 
spermatogenesis in rats following a rela-
tively high dose (160 mg/100 gm.) There 
were no histological abnormalities in the 
kidney and the bone marrow. The report, 
however, cautions the use of mebendazole 
in early pregnancy, although no reference 
to its teratogenic effect is available in the 
literature. 
This relative freedom from adverse 
effects of mebendazole may be attributed 
to its low absorption from the gastro-
intestinal tract. Brugmans et aP using 
C * labelled mebendazole have shown 
that only 5-10 per cent of the ingested 
drug is absorbed. It is excreted partly 
unchanged and mainly as decarboxylated 
derivative. 
m 
A CLINICAL TRIAL WITH MEBENDAZOLE IN ASCARIASIS 
The present study was undertaken to 
assess the efficacy and toxicity of this 
newly discovered drug in patients para-
sitized with Ascaris lumhricoides and 
Ankylostoma duodenale. 
MATERIALS AND METHODS 
The present study was carried out on 
143 patients, including 79 children below 
the age of 12 years, attending the medicine 
out-patient department of J. N. Medical 
College, Aligarh. Cases positive for Asca-
ris lumhricoides and Ankylostoma duode-
nale were selected from routine smear 
examination. In positive cases egg (larva) 
—coimts per gm (E.P.G.) were assessed 
by the technique described by StoU.' 
Only those cases were included in the 
study which showed ova coimt above 400/ 
gm of faeces. Patients selected for treat-
ment were given a thorough physical 
examination. The patients were treated 
irrespective of the type and severity of 
anaemia and associated diseases including 
diabetes mellitus (1), bronchial asthma 
(4), hypertension (4), congestive cardiac 
failure (2), amoebic hepatitis (2), acute 
bronchitis (2), bronchiectasis (2) and 
miliary tuberculosis (3). Pregnant women 
were excluded from the study. In cases 
associated with any of the above diseases 
pathological investigations like blood 
sugar estimation, total and differential 
leucocyte counts, erythrocyte sedimenta-
tion rate, haemoglobin percentage estima-
tion were carried out before and after 
completion of 'the therapy. 
Mebendazole was given orally in doses 
of one tablet containing 100 mg of the 
drug, morning and evening for three con-
secutive days. No purgative was given 
during or after the treatment. Post-
treatment stool examination was done any 
day between 12th and 15th day. 
A follow-up study was possible in 26 
cases, 18 harbouring ascaris and 8 anky-
lostoma infection. Stool examination was 
done at weekly intervals for eight weeks. 
Ether sedimentation technique' was used 
when the standard smear was negative. 
RESULTS Ain> OBSERVATIONS 
Treatment with mebendazole resulted 
in the passage of worms in the faeces of 
all the patients. The worms were non-
motile although none showed signs of ap-
parent disintegration. These worms were 
dead and not paralysed, because they did 
not regain motility even after repeated 
washings with physiological sahne. ' 
The results of trial are summarized in 
Table 1. In ascariasis, 100% reduction in 
the worm burden was obtained in 87.2%. 
Further in 9.3% cases the ova coimt was 
reduced by 80-99% and 3.5% cases by 
less than 80%. In a follow up study of 
TABLE 1.—Reduction of Total Egg Counts 12-15 Days after Therapy with Mebendazole 
% reduction* in egg count 
100% 
80-99% 
Less than 80% 
Ascariasis 
No. of 'cases 
86 
75 (49) 
8 (5) 
3 (1) 
% 
87.2 
9.3 
3.5 
Ankylostomiasis 
No. of cases % 
57 
49 (20) 86.0 
6 (3) 10.5 
2 (1) 3.5 
Figures in bracket indicate the ntimber of children (below 12 years) in the particular group. 
* (EPG before the therapy)—EPG after therapy/EPG before therapy x 100 = per cent re-
duction. (EPG, eggs per gram). 
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18 cases examined at weekly - intervals 
for 8 weeks, stool in 2 cases was positive 
for ova at the end of 1st week and in 
one at the end of 2nd week. Thereafter, 
all the cases became negative for ova. 
At the end of 8 weeks, one case be-
came positive when the stool was exam-
iiicd by concentration method (Table 2). 
In ankylostomiasis, Mebendazole reduc-
ed worm burden by 100% in 86% cases, 
by 80-99% in 10.5% cases and by less 
than 80% in remaining 3.5% cases (Table 
1). It is evident from Table 2 that excel-
lent results obtained in the 2nd week 
were maintained till 6 weeks. In one case 
the stool became positive for ankylostoma 
ova from the 7th week onward. 
TABLE 2.—Showing the follow up Results of Weekly Stool Examination for 8 Weeks 
Control 
before 
treatment 
After 1st week 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
Standard 
stool 
smear 
2 
1 
0 
0 
0 
0 
0 
0 
Ascariasis 
Concentra-
tion 
method 
2 
1 
0 
0 
0 
0 
0 
1 
Ankylostomiasis 
Standard 
stool 
smear 
1 
0 
0 
0 
0 
0 
0 
1 
Concentra-
tion 
method 
2 
0 
0 
0 
0 
0 
1 
1 
TABLE 3 
Associated No. of Vomit- Diarr-
disease patients Nausea ing hoea 
Abd. 
discom-
fort 
Pain Allergic 
abdomen reaction 
None 
Diabetes 
mellitus 
Bronchial 
asthma 
Acute 
Bronichitis 
Bronchi-
actasis 
Miliary 
Tubercu-
losis 
Hyper-
tension 
Cong. 
cardiac 
failure 
None 
44 
1 
4 
2 
2 
3 
4 
2 
79 
(child-
ren') 
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All the pathological findings obtauied 
in the patients suffering from associated 
diseases before institution of mebendazole 
therapy were found to be essentially vm-
altered when repeated one week after 
the treatment. Thus, blood sugar in ^ a -
betes mellitus was not affected by meben-
dazole treatment. Similarly, in none of 
the patients with associated diseases Were 
haemoglobin percentage, total and di{fe-
i-eiTA-ifi) W.B.C oswits »5sr €irj^kKK>^^ 
sedimentation rate affected by the 
treatment. The level of blood pressure in 
patients suffering from essential hyper-
tension and imdergoing specific treatment 
for their disease was also not affected by 
mebendazole therapy. 
DISCUSSION 
The cure rates obtained in the present 
study agree fairly weU with those of 
Chavarria et aP obtained with the same 
dosage schedule. The respective cvire 
rates in ascariasis and ankylostomiasis 
were 90.9% and 95.2% in Chavarria's 
study and 87.2 and 86% in the present 
study. However, the cure rates reported 
by them are based on stool examination 
performed 1 month after the treatment 
as compared to between 12th and I5tb 
day in this study. 
The follow up in this revealed that in 
one case the patient became egg-free after 
14th day of treatment (Table 2), suggest-
ing that the process of worm elimination 
is continued for over two weeks after 
cessation of therapy. This is in agreement 
with the suggestion of Chavarria et nP 
that evaluation of the efficacy of meben-
dazole should be made prefera^y 
1 month after treatment for these infec-
tions in order to reflect its full efficacy. 
Also revealed is the observation tl^at 
eggs reappear in the stool in both infec-
tions after about 7-8 weeks in an occa-
sional patient. This reappearance of eggs 
may be due either to reinfection or to 
left over paralyzed worms recovering 
their activity. The latter possibihty does 
not seem to hold, as the worms recovered 
from the faeces of treated patients never 
regained motility and hence vitality even 
after repeated washings with physiological 
saline. Another possibility exists that 
some of the parasites still being in their 
gcegateat tacm in the patients lung and 
so inaccessible to the drug develop into 
adult form discharging eggs in the faeces 
after discontinuation of the drug. 
The egg burden in the faeces of pa-
tients not completely cured, was also 
substantially reduced in both ascaris as 
well as ankylostoma infections (Table 1). 
This bears significance in relation to pub-
lic health in as much as fewer eggs are 
available for seeding the soil, thus mini-
mizing the danger of new infection. 
Side-effects were mild and infrequent 
and were observed on 2nd or 3rd day 
of therapy. Nausea, vomiting, abdomina] 
discomfort and/or pain, and diarrhoea 
were the only side effects observed and 
these too disappeared following comple-
tion of theravy. No skin rashes or fever 
was observed. Children were not affected 
any more than adults. Chaia and Sales da 
Cunha* and Brugmans et aX- also did not 
observe any side effects in the children 
treated with mebendazole. Chavarria 
et d\? did not observe any drug, induced 
changes in the biochemical and haemato-
logical parameters and from urine ana-
lysis in their series of patients. In this 
study,- pathological investigations were 
carried out only in those patients who 
were suffering from an associated disease 
and in these no alteration in their exist-
ing biochemical and haematological pro-
files were observed.- Among these patients, 
the presence of any of the associated 
163 
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diseases did not increase the susceptibility 
to side effects. Neither were the symp-
toms due to the associated disease in any 
way increased. 
Mebendazole has been shown to dis-
play polyvalent therapeutic action 
against intestinal helminths. The excel-
lent efficacy, absence of significant side 
effects and convenient dosage schedule 
suggests mebendpzole to be the drug of 
choice for indiscriminate mass therapy 
for ascariasis and ankylostomiasis. 
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Anthelmintic Activity of Berberine Hydrociiloride 
against Syphacia obvelata in Mice 
K. C. SiNGHAL 
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Berberine hydrochloride, aqueous extract and decoction of 
the leaves of Aclinopteris dichotama and aqueous extract of 
tubers and decoction of leaves of Cyprus rotundus., used in ancient 
Indian medicine as anthelmintics, were investigated for any activity 
against Syphacia obvelata, Nippostrongylus brasiliense and Hyme-
nolepis nana in vivo. Only berberine hydrochloride was able to 
eliminate 5. obvelata from mice and was equipotent to piperazine 
dtrate. It is suggested that this drug should be tried for infes-
tations due to ascariasis and oxyuriasis in man and domestic 
anfanals. 
TN the present study, berberine hydrochloride, 
•^  aqueous extract and decoction of the leaves 
of Aclinopteris dichotoma and aqueous extract of 
tubers and decoction of leaves of Cyprus rotundus 
were tested for antheLmintic acitivity in vivo against 
Syphacia obvelata, Nippostrongylus brasiliense and 
Hymenolepis nana, in vivo. The mice infected vvitli 
N. brasiliense and If. nana were obtained from CDRI, 
Lucknow. 
Piperazine citrate, bephenium hydroxynaphthoate 
and quinacrine were used as reference drugs against 
infections with S. obvelata, N. brasiliense and H. 
nana respectively. The drug response was calculated 
by the percentage of mice cleared of infection. 
Syphacia obvelata — The laboratory exposure me-
thod described by Chan^ in which relatively uniform 
infections are produced, was used. The anal swab 
of each mice was examined to see the presence of 
eggs. The mice which showed the absence of eggs 
were kept for 9 days with those already infected and 
they showed the presence of eggs in anal smear. 
The mice were fasted a day prior to drug treatment. 
Drugs were administered orally with the help of a 
stomach tube to mice divided in groups of 10 each. 
Piperazine citrate was administered to a group of 
10 mice in a dose of 200 mg/kg to serve as control. 
The mice were fasted next day and autopsied on 3rd 
day. The contents of caecum and rectum were brushed 
out gently in a petridish containing water and worm 
count was done. 
Nippostrongylus brasiliense — According to Stan-
den* the normal and most suitable host is the young 
rat, but N. brasiliense will develop io the adult stage 
in mice, hamsters and guineapigs. B.ackett and 
Bliznick*'* have successfully used N. brasiliense mice 
system for screening drugs. The faeces of infected 
mice was cultured by the method described by Stan-
den' to obtain infective larvae. The larvae were 
counted and the mice were infected by injecting (sc) 
200 larvae in the cervical region. The eggs appeared 
in faeces from 6-7 days after infection. 
The mice were starved on 10th day after infection, 
and were fed the drug on the 11th day. The mice 
were starved overnight before autopsy to make worm 
count simple. Counts were made on 14th day by 
removal of entire small intestine after autopsy which 
was examined by crush method between two glass 
slides. The red tinted worms were counted without 
removal from the gut. 
Hymenolepis nana — Mature worms were collected 
at autopsy from the infected mice. The terminal 
gravid proglottids were removed and crushed gently 
under a cover slip and eggs freed. Eggs were counted 
in a haemocytometer chamber, counting only those 
eggs which contained hooklets and were apparently 
mature. Each mouse was given 0.2 ml of suspension 
(200 eggs) by a stomach tube. Eggs from mature 
worms appear in faeces after 14-15 days. Mice 
were fasted in batches of 2 on 17th day after infection, 
treated with large single oral dose on 18th day, fasted 
TABLE I — PERCENTAGE CLEARANCE OF 1 
Drugs 
Piperazine citrate 
Quinacrine 
MICE INFECTED WTTH / / . nana, i\. bi 
Dose Treatment 
(mg/kg) (dj 
200 
100 
50 
Bephenium hydroxy 400 
naphthoate 
Berberine 
hydrochloride 
Actinopteris 
dichotoma 
Cyprus 
rotundus 
200 
500 
200 
100 
Aq. extract of 
200 mg leaves/mouse 
Decoction of ]g 
leaves/mouse 
Aq. extract of 200 mg 
tubers/mouse 
Decoction on 1 g 
tubers/mouse 
•One dose/day 
ivsi* lys; 
1 
1 
1 
3 
3 
1 
1 
1 
1 
7 
1 
7 
1 
1 
wrrii ] 
H 
Mice 
cleared 
. 
6/6 
2/6 
— 
0/4 
— 
— 
0/4 
0/4 
0/4 
0/4 
0/4 
0/4 
DiFFERE.vT DRUGS 
. nana 
Clearance 
% 
, , 
100 
33 
0 
— 
0 
0 
0 
0 
0 
0 
asiliensc AND S. obvelata FOLLOWING TREATMENT 
,\. brasiliense 
Mice 
cleared 
— 
— 
4/4 
3/4 
0/4 
— 
0/4 
0/4 
0/4 
0/4 
0/4 
0/4 
Clearance 
% 
. 
.—. 
. 
100 
75 
0 
— 
0 
0 
0 
0 
0 
0 
s. 
Mice 
cleared 
9/10 
. 
. 
10/10 
7/8 
2/10 
0/4 
0/4 
0/4 
0/4 
0/4 
0/4 
obvelata 
Clearance 
% 
90 
— 
.—. 
100 
87.5 
20 
0 
0 
0 
0 
0 
0 
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again on 19th day and autopsied on 20th day. At 
autopsy, the entire small intestine was removed in a 
petridish and tap water was pushed under pressure 
with the help of a syringe so as to push the contents 
out, and the number of worms recovered was counted. 
The caecum and rectum were also slit open and exa-
mined for any possible bulk of worms moved by 
peristalsis. 
The results obtained with the test compounds are 
summarized in Table 1. Berberine hydrochloride had 
a significant activity against S. obvelata. The infesta-
tion was completely cleared in 20 % mice with a dose 
of 100 mg/kg. The clearance was 88 and 100% with 
200 and SCiO mg/kg respectively. The effect compared 
favourably with the standard, piperazine citrate, which 
exhibited an infestation clearance of 90% with 200 
mg/kg dose. Berberine hydrochloride, in a dose of 
500 mg/kg, was ineffective against H. nana and 
N. brasiliense. 
Aqueous extract or decoction of the leaves of 
A. dichotoma and tubers of C. ro/t/nrfwj were tested 
against all the 3 helminths. None of these prepara-
tions had any effect against H. nana, N. brasiliense 
or S. obvelata. 
Lynch and Hoegl* suggested that lumen dwelling 
and naturally occurring pin worm of mouse is per-
haps the most sensitive organism for detecting anthel-
mintic activity, under laboratory conditions. Other 
investigators^"-* found S. obvelata- mouse system 
adequate for the laboratory evaluation of anthelmin-
tic activity on the basis of worm elimination. CUni-
cal trials and field trials demonstrated that compounds 
capable of eradicating S. obvelata from laboratory 
mice were effective against related species of human 
and farm animals'-*^ Preparations with activity 
against S. obvelata were shown to be valuable pri-
marily as ascaricides and anti-oxyurids in man and 
domestic animals'. 
Drugs more effective than piperazine citrate are 
now available for the treatment of ascariasis and 
oxyuriasis. Berberine hydrochloride has been used 
to treat diarrhoea and found devoid of significant 
toxicity. The present study has shown that it is 
almost as potent as piperazine citrate against 
S. obvelata-mouse system. If it could prove more 
effective than piperazine citrate on clinical trials, 
it can be one more choice to the list of anthelmintics 
against the above mentioned worms. 
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A CLINICAL TRIAL WITH MEBENDAZOLE IN TAENIASIS 
SAGINATA AND HYMENOLEPIS NANA 
K. C. SINGHAL, R. A. KHAN and P. N. SAXENA 
Departmeat of Pharmacology, J. N. Medical College 
A.M.U.. Aligarh-202 001 
Abstract. Mebendazole, a broad spectrum anthelmintic was evaluated in 32 patients parasitized 
with tape worm infestations. Eighteeu patients were identified as having Hymenolepis nana and 14 as 
having Taenia saginata. Seventeen patients in addition, were found to have concomitant nematode 
infection. Patients were treated with one of the five dosage schedules (100 mg b.d. x 3 days, 100 mg 
q.i.d. X 3 days, 300 mg b.d. x 1 day, 300 mg b.d. x 3 days and 500 mg b.d. x 1 day). Treatment resulted 
in the passage of long chains of proglottids of T. saginata and whole worms otH. nana. Assessment 
of results was made at IS day intervals for 3 months. The most efiective dosage schedule was 300 mg 
b.d. for 3 days which resulted in curing all the six patients sufiering from T. saginata and 7 of the 10 
harbouring H. nana. 
Key Phrases. Mebendazole Taenia saginata Hymenolepis nana 
Introduction 
Mebendazole (methyl-5(6) benzoyl 
-2-benzamidazolyl-carbamate) posse-
sses wide spectrum of activity against 
intestinal helminth infestations. The 
efficaqr of the drug has been observed 
against hookworms, Ascaris, Entero-
bius and Trichuris trichuria (Chavar-
ria, Villarejos and Zeledon, 1970; 
Chaia and Sales da Cunha, 1971; 
Brugmans et al, 1971; Singhal, Gupta 
and Saxena, 1975). Besides, following 
oral administration only 5-10 per 
cent of drug is absorbed and the drug 
does not produce side effects of any 
consequence (Chavarria et al., 1970; 
Brugmans et al., 1971; Singhal et al., 
1975). 
The present study was undertaken 
to assess the efficacy of mebendazole 
in patients with tape worm infesta-
tion alone or with mixed helminthic 
infestations. 
Materials and methods 
The present study was carried out 
on 32 outpatients at J. N. Medical 
College Hospital, who had Taenia 
proglottids in their stools or whose 
faeces contained eggs of Taenia 
species. 
The study involved 23 males and 
9 females ranging in age from 2 to 
37 yrs (Median 23 yrs). Eighteen 
patients were identified as having 
Hymenolepis nana and 14 as having 
Taenia saginata. Seventeen patients 
in addition, were found to have con-
comitant infestation of either A. lum-
bricoides, E. vermicularis or A. duo-
denale. None of the patients had ever 
received any taenicidal treatment or 
any other anthelmintic for 3 months 
prior to entering the study. 
Mebendazole (100 mg tablets) was 
given orally according to the follow-
ing dosage schedule: 100 mgb.d.x 
3 days; 300 mg b.d. x 1 day; 500 mg 
b.d.xl day; 100 mg q.i.d.x3 days; 
300 mg b.d.x3 days. 
The diagnosis of taeniasis was 
based upon passage of proglottids 
or presence of taenia eggs in the 
167 
20 K. C. SINGHAL ET AL. 
faeces. The formalin-ether centrifu-
gal concentration method was used. 
Post-treatment stool examination 
was done at about 15 day intervals 
for 3 months using the same tech-
niques. The criterion of cure was 
complete absence of eggs and pro-
glottids during the above follow up 
period. Patients were examined cli-
nically before and after treatment. 
No specific dietary programme was 
followed and no purgative was given 
during or after the treatment. 
Results 
Treatment with mebendazole re-
sulted in the passage of long chains 
of proglottids of T. saginata and 
whole worms of H. nana. The prog-
lottids and the worm were apparently 
lifeless and showed no signs of dis-
integration. 
Single day therapy with 300 mg 
b.d. was tried in groups of two pa-
tients each harbouring T. saginata 
or H. nana. The treatment failed to 
eradicate ijifection. However, the 
above regimen resulted in the pas-
sage of long chains of proglottids in 
patients suflFering from T. saginata 
and egg count was reduced to an aver-
age of 40% in patients harbouring H. 
nana as compared to the pretreatment 
level after 3 months of therapy. 
With a single day therapy of 500 mg 
b.d. tested in two patients harbour-
ing T. saginata, complete cure was 
not obtained. However, the long 
chains of proglottids were passed and 
scolices were also recovered from the 
stools of both the patients. 
The usual dosage of 100 mg b.d. x 
3 days commonly employed to era-
dicate lumen dwelling nematodes 
(Singhal et al, 1975) was also found 
ineffective in curing any of the 4 
patients of T. saginata and 3 harbour-
ing H. nana. However, this regimen 
resulted in the passage of chains of 
proglottids and scolex was also passed 
in 2 patients. The ova count in H. 
nana infestation was reduced to an 
average of 60% of the pretreatment 
level. 
A higher dose of 100 mg q.i.d. 
x 3 days was tested in 3 patients 
suflFering from T. saginta and 5 har-
bouring H. nana. The above dose 
was ineffective in causing cure in any 
of the patient having H. nana infest-
ation. However, 2 patients of T. 
saginata showed complete cure and 
one continued to pass taenia pro-
glottids in stool. 
Maximum efficacy with mebenda-
zole was observed with a dosage 
schedule of 300 mg b.d. x 3 days. 
This dose was assessed in 6 patients 
of T. saginata and 10 of H. nana. Of 
these three patients of T. saginata 
and 2 of H. nana were unsuccessfully 
treated previously with 100 mg b.d. 
x3 days. All the patients of T. 
saginata showed complete cure and 
7 of the 10 treated were negative for 
H. nana as observed by the complete 
absence of eggs from the stools 
examined at 15 day intervals for 3 
months. In the remaining three pa-
tients, the egg count was reduced to 
20-30% of the pre-treatment level. 
All the patients showed marked 
improvement in their symptoms 
irrespective of whether the drug 
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caused complete cure or not. The 
two main symptoms dyspepsia and 
abdominal pain of varying degree 
were relieved in all except two 
patients of T. saginata and of H. nana, 
unsuccessfully treated with mebenda-
zole. 
Discussion 
Mebendazole causes irreversible 
inhibition of the uptake of exogenous 
glucose into the nematode. The 
consequent increased utilization of 
the endogenous carbohydrate reserves 
lead to inadequate energy supply 
and consequent death. However, 
mebendazole does not affect glucose 
levels in man (Van den Bossche, 
1972). 
The proglottids eliminated by the 
patients following mebendazole ad-
ministration although intact were 
lifeless. Further, the electron micros-
copic study of Borgers et al. (1975), 
on the cysticerci of Taenia taenifor-
mis following mebendazole therapy 
showed time related degenerative 
changes in the absorptive cells of ces-
todes. Microtubules, which are the 
site of absorption of nutrients, 
showed dose related changes from 
degeneration to complete loss leading 
to necrosis of pseudoproglottids. 
The microtubules of the host, how-
ever, remain imafFected. The changes 
produced in the scolices are similar 
in nature but are less pronounced. 
The changes produced are irreversible 
and leads to the death of parasite. 
Poor results are obtained with 
mebendazole when administered in 
doses usually employed (Chaia and 
Sales da Cunha, 1971; Brugmans 
et al, 1971; Singhal et al, 1975) to 
treat nematode infestations. Two 
patients harbouring T. saginata were 
cured out of group of three with a 
dose of 100 mg q.i.d.x3 days. 
However, the number of patients 
treated with this dose is too small to 
indicate the efl5cacy of this do-
sage schedule in the treatment of T. 
saginata infestations. Tape worm 
infestations are effectively treated 
with 300 mg twice daily dose for 3 
days. With this dosage schedule all 
the patients harbouring T. saginata 
were cured. However, in patients 
suffering from H. nana infestation 
complete eradication was observed 
in 7 of the 10 patients treated. The 
remaining three patients passed large 
number of worms following therapy 
and the egg count was reduced to 20-
30% of the pre-treatment level. The 
reason for diminished response in H. 
nana infestation cannot be explained 
at this stage. However, longer dura-
tion of therapy may be attempted in 
refractory cases. 
The efficiency of mebendazole 
against tape worms is comparable 
to results obtained with niclosamide 
(Ditzel and Schwartz, 1967; Peres, 
Weston and Schuhz, 1970). Further, 
the use of mebendazole is associated 
with only very few side effects con-
fined to gastrointestinal tract as the 
drug is absorbed only up to 5-10% 
following oral administration (Brug-
mans et al, 1971). Also the drug has 
safely been used to eradicate lumen 
dwelling helminths in patients suffer-
ing from cardiac, respiratory and 
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metabolic diseases (Singhal et al, 
1975). The wide spectrum of activity 
of mebendazole against helminths is 
a definite advantage over presently 
available taenicidal agents whose 
activity is confined to tape worms 
alone, while treating mixed infes-
tations. 
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ABSTRACT 
Acetylcholine (Ach),levamisole and pyrantel pamoate all cause stimulation of 
spontaneous rhthmic movements of whole worm and nerve muscle preparation of filarial 
nematode Setaria cervi. These stimulant effects are manifested only in the presence of available 
Ca^ "" or extracellular Ca^ .^ Electrical stimulation of nerve muscle p-,,paration o{ Setaria cervi 
elicited depolarization and increase in amplitude and tone of contractions. Electrical current 
stimultes Ca^ "" entry leading to depolarization and during the phase of depolarization addition 
of any of the three stimulants viz. Ach, levamisole or pyrantel pamoate fails to elicit any response 
on nerve muscle preparation. The findings indicate that electrical stimulation, excitatory 
neurotransmitter Ach and stimulant anthelmintics levamisole and pyrantel pamoate all produce 
their stimulant effect by triggering entry of Ca^^ into the muscle cell. Further, blocking the 
calcium channels by nifedepine and thereby the entry of Ca^* into the cells blocks the stimulant 
effect of Ach levamisole and pyrantel pamoate. 
17? 
Ca^ ^ is the primary regulator of contraction in S. cervi. The contractile response of 
preparation of S. cervi are very dependent on extracellular Ca^ .^ In the absence of available 
Ca^ ^ or addition of EDTA to the bathing fluid, a calcium chelating agent or of calcium channel 
blocking agents nifedepine, verapamil and diltiazem results in inhibition of spontaneous 
rhythmic movements of the worm preparation '. The rhythir of contraction and relaxation in 
muscle of Setaria like other smooth muscles may be associated with a tidal movement of calcium 
from the sites at the cell membrane to other sites inside the cell and such a flow of calcium ions 
could be associated with a flow of electric charge .^ The present study was designed to study 
the effect of application of electric current to n.m. preparation of 5. cervi and its effect on the 
stimulant effects on Ca^ ^ mediated stimulant effect of levamisole and pyrantel pamoate and 
that calcium channel blocking agent nifedepine. 
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MateriaDs amd Mettlhdidls 
Adult Setaria cervi were picked up from the peritoneal cavity of freshly slaughtered 
water bufFallo {Bubalis bubalus Linn.) and were brought to the laboratory in vacuum flask 
containing modified Ringer's solution. The nerve-muscle preparation was made as per method 
described earlier and tied at both ends by threads ^ The tail end was tied with a hook at the 
bottom of isolated organ bath. For electrical stimulation a .silver wire connected to the anode 
of a stimulator ( Grass model S48 Grass instrument Co-Quincy MA, USA) was inserted into 
the tail end of the n.m. preparation tied at the bottom of the isolated organ bath. The silver 
wire in turn was connected to the electric stitnuiator through a flexible insulated wire. Another 
wire of similar type connected to the other terminal ( cathode ) of the stimulator and was 
immersed in the bathing fluid of the isolated organ bath. Care was taken that this wire does not 
come in the contact with the worm preparation. Stimulus current was given 5 volt/sec. Each 
experiment was repeated atieast six times at 15 min intervals. 
Application of electric current causes stimulation of the worm. The size of contraction 
and extent of upward shift of the baseline following application of electric stimulation varied 
with the size of the worm and the height of prestimulation contractions. The response to electrical 
stimulation could be elicited again after some time when the n.m. preparation had regained 
normal rhythmical spontaneous mevements. 
The n.m. preparation shows spontaneous rhj^hmic mevements with alternate contraction 
and relaxation, which were recorded on a slow moving kymograph. All the contractions are 
not necessarily of the same size and reflect the normal movements of the worm required for 
locomotion for locating themselves in the enviornment and in search for food. 
The resting tone of the worm attains a constant level as is reflected by a stable baseline. 
The preparation takes nearly 15 min to stabilize itself 
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Modification of response of pyrantel pamoate by electrical stimulation 
Addition of Pyrantel pamoate in a concentration of 50 ng/ml of bath fluid caused 
immediate increase in the tone of the n.m. preparation. The rate was not visibly affected but 
the amplitude was reduced. After about five min the tone started decreasing and attained predrug 
level in about 15-20 mi:.. No recovery was however seen with amplitude and rate of contractions 
(Fig. 1). 
In another experiment the n.m. preparation was stimulated by a direct repetitive current 
which caused increase in tone and amplitude of contractions. When the stimulation was stopped 
the tone was restored to pre stimulation level but the amplitude of contractions was reduced as 
compared to the control and these continued to remain so thereafter. Pyrantel pamoate added to 
the bath from 50 ng to 10 ng/ml failed to elicit the stimulant response, which is typical of the 
drug. However, in a concentration of 25 ng/ml (Five hundred times higher see Fig. 1) pyrantel 
pamoate caused stimulation characterized by increase in tone only (Fig. 2 upper panel). Which 
was followed by complete paralysis of the worm movements. During paralysis application of 
electric stimulus of the same strength or addition of Ach (5 ng/ml) failed to modify the 
movements of the n.m. preparation (Fig. 2 lower left panel). Repeated changes of bath fluid 
also failed to restore the movements (Fig. 2 lower right panel). 
Modification of response of levamisole by electrical stimulation 
On the same lines as for pyrantel pamoate the experiments were done with levamisole. 
The preparation ofSetaria was stimulated by direct repeated electrical stimulus and the activity 
was recorded. When the movements were stabilized in post stimulation phase, levamisole 
(5 ng/ml) was added to the bath fluid. Levamisole caused stimulation of the movements 
characterized by increase in tone only followed by paralysis (Upper panel of Fig. 3). Application 
of electrical stimulus again during the phase of paralysis failed to evoke any response. 
Acetylcholine (5 ng/ml) added to the bath fluid also did not not cause any increase in the 
motility of the n.m. preparation (Fig. 3 lower left panel). 
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Repeated changes of the bath fluid too was not able to restore the movements of the 
n.m. preparation (Fig. 3 lower right panel). 
Modification of response to electrical stimulation by nifedipine 
Stimulant effect of electric current on the n.m. preparation was recorded. During the 
post stimulation phase when the preparation had stabilized nifedipine (2 |ig/ml) a calcium 
channel blocking agent (CCB) was added to the bath fluid. Following addition of nifedipine, 
the n.m. preparation was electrically stimulated. The electrical stimulus failed to evoke any 
response. 
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The main conclusion of the present study are that application of electric current to the n.m. 
preparation of S.cervi leads to its stimulation. Single stimulus gives one spike. When the preparation 
is stimulated repeatedly the post stimulation spontaneous contractions are smaller in amplitude as 
compared to prestimulation contractions. Pharmacological agents like levamisole and pyrantel 
pamoate both used as anthelmintics and nifedipine a calcium channel blocking agent blocks the 
stimulant response of electrical stimuli and that of Ach, an excitatory neurotransmitter of 
S. cervi. 
The main source of activator Ca^^ is intracellular and not extracellular Ca^*. The sarcoplamic 
reticulum is the intracellular source of activator Ca^ ^ and can store sufficient Ca^ "^  for activating 
maximal contractions '*. The major site of Ca^^ action is thought to be at the level of calmoduline 
dependent activation of the enzyme myosin light chain kinase .^ Application of direct current to the 
complex of Setaria elicit stimulation. The repetitive stimuli brings about increase in force of 
contractions evidenced by high amplitude each time when the current is applied. The spontaneous 
rhythmic contractions are reestablished when the application of current is stopped. However, the 
amplitude in the post electrical stimulation phase is smaller than the prestimulation phase. This 
may be attributed to reduction in intracellular source of activator Ca^*. 
In calcium free medium due to absence of available Ca^* at the cell membrane,cations 
other than Ca^^ can only move inside the cell, thus producing scarcity of Ca^* ions inside the cell. 
The Ca^^ operated calmodulin dependent activation of the enzyme myosin light chain kinase does 
not take place and the spontaneous movements of the muscle cease altogether. Studies -Adth the 
vohage activated current in somatic muscle ofA.scaris suum ^ has observed that low Ca^^ solution 
in the bath fluid was likely to abolish currents activated as a result of calcium entry and has infered 
that Ca^^ activated chaimel currents could be present and be involved in the production of slow 
waves and modulation waves. Similar situation is provided when a calcium channal blocking agent 
is applied to the bath fluid. Although Ca^* is present m bathing solution but due to blockade of ionic 
channels meant for the transfer of Ca^^ from cell membrane to inside the cell, the transfer of Ca^* 
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does not take place, the intracellular concentration of Ca^ ^ required to trigger action potential is not 
achieved even after application of a stimulus. On nifedepine treated n.m. preparation of 5'. cervi 
application of electric stimulation or addition of Ach to the bath fluid does not modify the movements. 
This is reasonable to assume that both electric stimuli and Ach acts by facilitating transfer of Ca^ ^ 
from cell membrane to inside cell. 
Anthelmintic mode of action have suggested that primary site of action of pyrantel and 
levamisole on Ascaris muscleis Ach receptors .^ Ganguly et al * has shown that depolarising 
effect of pyrantel pamoate is elicited only in the presence of Ca^ ^ and and the effect was blocked in 
the presence of nifedipine. Patch ciamp studies with cell attached and inside-out patches have 
shown that levamisole applied extra ceilulaily activated voltage sensitive cation selective channels. 
The channel open and burst time increased with hyperpolarization. At higher concentration of 
levamisole long closed-time separating clusters of burst were observed at both hyperpolarized and 
depolarized membrane potentials and this was interpreted as desensitization .^ 
The findings of the present study indicate that stimulationof the n.m. of Setaria elicited by 
electric current or executed through the agency of Ach, as is done by levamisole and pyrantel 
pamoate depends upon the availability of Ca^ " In the absence of which or when the calcium 
channels are blocked these stimuli fails to elicit a response. 
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LEGEN© TO FIGURES 
Fig. 1 - Effect of pyrantel pamoate on the spontaneous movements of nerve 
muscle preparation of S. cervi. A concentration of 50 ng/ml of bath fluid 
caused an immediate increase in tone and amplitude of contraction followed by 
spastic paralysis. 
Fig. 2 - Application of ele'-.lrical stimulus (ES) to the n.m. preparation of S. cervi caused 
an increase in tone and amplitude of contractions. The stimulation lasted till 
the application of current. Only a very high concentration of pyrantel pamoate 
(PP 25 ^ig/ml) could cause stimulation characterized by increase in tone only 
(upper panel). Further application of electric current, addition of Ach 5 |ig/ml 
(lower left panel) and repeated changes of bath fluid (lower right panel) failed to 
restore of movements. 
Fig. 3 ' Application of electrical stimulus (ES) caused stimulation of n.m. preparation of 
S. cervi. In the post stimulation phase, levamisole hydrochloride (LH) in a 
concentration of 5 ng/ml caused shortlasting stimulation followed by paralysis 
(upper panel). Further application of electric current (ES), addition of Ach 
(5 |ig/ml) (lower left panel) or repeated changes of bath fluid failed to restore 
movements. 
Fig, 4 - Application of electric current (ES) caused stimulation of n.m. preparation 
of S. cervi. In post stimulation phase nifedipine was added to the bath fluid 
(2 ^g/ml). Further electric stimulation (ES) of n.m. preparation failed to evoke 
any response. 
189 
EFFECT OF PYRANTAL PAMOATE ON NERVE-MUSCLE 
PREPARATION 
m m 
181 
c 
.9 
D 
E 
u 
*L_ 
4—• 
U 
QJ 
(/) 
C 
o 
a. 
{/) 
0) 
o 
> 
C 
a, . -
c 
o 
<D 
O 
O 
E 
D 
CL 
CU 
u 
O 
\— 
C3 
<U 
10" 
M— 
o 
c 
o • — 
• » — • 
o <J 
o 
2 
^_^ 
a; 
-*-• 
c 
o L. 
CL 
> s 
-Q 
c' 
o 
•*— 
o 
o 
Q. G> 
L_ 
Q_ 
i'p. 
I"' 
1 
C 
V) 
I 
0 
S 
I 
S 
o 
.2 
L 
2^ 
& 
0 
2 ^ 
0 
i 
9i 
183 
EFFECT OF ELECTRICAL STIMULATION AND NIFEDIPINE 
ON NERVE-MUSCLE PREPARATION 
mm 
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CHAPTER 2 
Influence of soil composition, environmental 
factors and modem agricultural practices on the 
propagation of soil transmitted nematodes. 
INTRODUCTION 
Control and prevention of parasitic diseases depends on an adequate knowledge of interactions 
among factors such as human behaviour, the enviornment, and the life cycle of parasite. Sociocultural 
factors in large part determine the transmission and persistance of parasites. The main determinants 
are poverty, low educational level, deficiencies in home technologies, demographic density, and 
ruralism. Selected interventions designed to improve any of these situations may fail if they are 
applied in isolated manner. The holisitic implementation of intervention has proved successful in 
the control and prevention of parasitic infections in several parts of the world. The implementation 
of several kinds of interventions simultaneously, that is, a holisitc approach, combined with an 
awareness of societies infrastructure, can produce favourable results. For such an awareness-when 
it provokes action-can improve overall quality of life. 
Parasitic diseases are capable of producing a broad spectrum of disease syndroms. The 
economies of developing countries are retarded by their presence, as infections result in high morbidity 
rates, lost working days, decline in output at both the individual and community level, and the use 
of sparse financial resources for curatve treatment rather then prevention. 
About 1 billion people are hosts to Ascaris lumbricoides. About 25% of the mankind is infected 
with Ancylostoma duodenale or Necator americanus. Strongyloides stercoralis (strongyloidosis)has 
the same geographical distribution as hook worm, but is less common. 
It is estimated that 650 million people throughout the world are infected with Ascaris, 450 
million with Ancylostoma, 250 million with filaria, 180 million with blood fluke schistosoma and 
20 million with onchocerca. 
All parasitic nematodes possess certain common characteristics. All are characterized by 
their elongate, cylindrical, unsegmented bodies and glistening cuticula. Nematodes possess a simple 
tubular alimentary canal which includes an anterior mouth and a posterior anus. Intestinal species 
range in size from those that are essentially microscopic or a few mm long to 35 cm or more. The 
life cycle of intestinal nematodes fall into one of several categories on the basis of developmental 
sequence: direct; modified direct; and skin penetrating types. With the direct type, no intermediate 
host is required. Ascaris lumbricoides eggs are unsegmented when passed in faeces and require a 
period for embryonation before becoming effective for human.Member of skin penetrating type 
i%s 
pass partially developed eggs or rhabditiform larvae in the stool. Such larvae continue to grow, 
almost several times, and become transformed into infective or filariform larvae capable of penetrating 
the exposed skin surface of human. 
The life cycle of "Ascaris","Trichuris" and hook worms is similar, involving no intermediate 
host, but rather fecal excretion of a noninfective egg into soil, its development into an infectious 
form and then direct transmission to the human without vector . In a sense, the soil works like the 
intermediate host in which essential biological transformation occurs. These organisms do not 
multiply within the himian body. 
Epidemiology of helminth infestations has been viewed in numerous published works from 
the important effects of climate. Yet many questions remain unanswered regarding development or 
availability of some stage of life cycle, distribution of disease, variation in population of helminths 
and the resulting incidence of disease in man and livestock.The envirorunent of the parasite is never 
that in which standard meterological measurements are made. The interaction between macroclimate, 
the soil, and variable herbage cover providing a microscale envirormient in which the parasite 
passes from fresh but inconsistent faeces on to the herbage defies precise analysis. Several species 
of nematodes anxious to parasitize human host are unlikely to show identical response to changes 
in weather. Even where single species are involved different stages in the life cycle may respond 
differently to changes in weather, for instance, nematode's egg is usually more resistant to dessication 
than the larvae. 
Reliable data regarding incidences of helminth diseases in different parts of the country are 
lacking. However isolated studies indicate, for example, hookworm infestation is heavy in southern 
and estem states. Very high prevalence has been reported from Assam, West Bangal, Bihar, Orrisa, 
Andhra Pradesh, Tamil Nadu, Kamataka, Kerala and Maharashtra whereas it is rare in Rajasthan 
(Arora,Biswas and Mathur, 1976). 
Parasitic worms infect man in almost all regions of the world, but there is a particular abundance 
of them in tropics - an abundance both in species and individuals. This is the result of important 
climatic and sociological factors. The distribution of soil transmitted nematodes is not only affected 
by climatic conditions of rainfall, temperature, humidity, factors in soil matrix but also largely by 
the sanitary practices of human population. 
Some nematodes require no intermediate host, the adult worms develop directly from egg in 
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the alimentary canal of man. Transmission of these worms including Trichuris trichuria and 
Enterobius vermicularis remain unaffected by ecological factors. In other instances eggs pass out in 
faeces and develop in soil either within the shell (Ascaris) to be ingested orally or emerge out and 
grow to infective larvae and wait for a bare-footed host to get entry (Ankylostoma duodenale and 
Necator americanus). However, infestation with Trichostrongylus orientalis occurs more commonly 
following ingestion of infective larvae. Strongyloides stercoralis serves as an exception where both 
eggs and rhabiditiform larvae are passed in faeces and develop to infective larvae either on perianal 
skin to cause direct infection by skin penetration or develop in soil to wait for the victim. 
The animal parasitic nematodes that hatch and develop to infective juveniles outside the host, 
in soil, are influenced by several factors operating simultaneously. These include-
Climatic conditions - Temperature 
Moisture 
Factors in soil matrix - Soil texture (porosity) 
Hydrogen ion concentration (pH) 
Osmotic pressure 
Organic matter 
In soil transmitted nematode Haemonchus contortus (stomach worm or wire worm) of sheep, 
goat and cattle, the adult worm is found in the fourth (true) stomach (abomasum). The male is 
10-20 mm long whereas the female is 18-30 mm long. The male is red in colour while the female 
has the appearance of a barber's pole. The white ovaries being spirally wound around the intestine 
which is filled with blood. The bursa of the male has elongated lateral lobes supported by long rays 
while the dorsal lobe is asymmetrical, situated on the left hand side and supported by Y shaped 
dorsal rays. The tail of the female is slender and sharply pointed and the vulva is covered by an 
anterior flap which is fi-equently large and prominent. 
In the fourth stomach of the host the male and female worms mate and the female may 
then lay 5000 to 10,000 eggs a day. The eggs are oval, transparent and measure about 0.07 mm by 
0.05 mm. The eggs pass down from the food canal of the host on to the pasture. 
On the pasture three non-parasitic larval phases develop. By the time eggs reach the pasture, 
it has usually divided its contents to form 16 to 32 cells and the development of the first stage larva 
is complete inside the egg. It hatches out of the egg and feeds upon the bacteria in its surrounding. 
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After periods of growth with successive moultings first stage larva becomes second stage larva and 
subsequently third stage larva. This third stage larva is infective larvae and can not grow further 
unless eaten by the hosts when they graze on the pasture and starts its parasitic life in the abomasum 
of host. In abomasum it fiirther undergoes two moults to become the adult worm. 
Human hookworm infection with Ankylostoma duodenale and Necator americanus and the 
sheep hook worm Haemonchus contortus are closely similar in their life cycle. The important aspect 
of the life cycle of hook worm is that they do not multiply in the host. The eggs produced by the 
adult are passed out of the host and after some free living development become infective and capable 
of resuming a parasite way of life. Every adult parasite has therefore been picked by the host and 
every larva on the pasture is derived from an egg laid by a worm in the host. 
Population increase of soil transmitted nematodes is determined by conditions in the external 
enviomment and the exent and maimer of host's contact with it (Cameron, 1932): The population of 
infective larvae is contained in farmland by the fact that the free living forms may perish before 
they find their way to suitable host in which they can resume their develpoment. Therefore, parasitic 
nematodes are extremely prolific, e.g., one female Haemonchus contortus laying between 5000 to 
10,000 eggs per day, or one female Dictyocaulus viviparus laying 2000 eggs per day. However, a 
small decrease in enviommental pressure would lead to disproportionate large increase in the number 
of survivours. For instance if it were normal for only one individual out of every 1000 to survive, a 
decrease of one percent in mortality would result in a 900 percent increase in the number of survivors 
(Mitchel and Ollevenshaw, 1963; Crofton, 1955). 
No group of the nematodes causes more injury to man or greater economic loss through 
attacks than the members of hook worm family. Hookworm is never spectacular like some other 
diseases, but is essentially insidious; year after year, generation after generation, it saps the vitality 
and undermines the health and efficiency of whole communities. Hookworm infection exists where 
local conditions are favourable in most tropical and subtropical parts of the world, bounded 
approximately by the thirty-sixth parallel in the north and thirtieth parallel in the south. Most serious 
infections occur in tropical zone where high temperature and high rainfall coexist. The infections 
are very light in dry north-west part of India and effect of these on the health of people was practically 
negligible in sub Himalayan division of Northern India fi-om Utter Pradesh to Assam, Meghalaya, 
Tripura, and Manipur, the incidence increases fi-om west to east with the increasing rainfall and 
humidity and reaches its maximum in north-east. 
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Isolated studies in India indicate that hook worm is more common amongst the adult population 
(Bagchi et. al 1964). Urban population of Delhi with safe drinking water and sanitary facilites has 
only six percent infection rate, whereas suburban population has about 16.8 percent (Saxena and 
Prasad, 1970). Hookworm infection is heavy in the southern and eastern states such as Assam, West 
Bengal, Bihar, Orissa, Andhra Pradesh, Tamilnadu, Kamataka, Kerala and Maharashtra whereas it 
is rare in Himachal Pradesh and Rajasthan (Patel, 1954; Arora et. al 1976; Sharma et. al 1975). 
The cause of variation in the incidence of infestation with soil transmitted nematodes in 
human and live-stock population may in part be answered by studying enviommental factors. These 
include physical factors such as temperature, water currents, soil structure, drainage, aeration, the 
chemical factors such as chemical composition of soil, pH, organic and mineral contents and 
chemicals used in modern agricultural practices such as fertilizers and pesticides. 
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INFLUENCE OF SOIL MATRIX ON THE DEVELOPMENT OF HAEMONCHUS 
CONTORTUS EGGS TO INFECTIVE LARVAE 
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Department of Pharmacology, Jawaharlal Xehru Medical Colleoe, AHgarh Muslim University, 
AUgarh-202 001 
(Received November 29, 1980 ; revised January 30, 1981) 
The development of the juveniles within the eggs, their subsequent emergence 
and transformation to infective stage is influenced by factors such as the availability of 
moisture, the oxygen content of the surroundings, ambient temperature and nature of 
the soil (Dinaburg, 1944 ; Silverman and Campbell, 1959 ; Waller and Donald, 1970 ; 
Nawalinski, Schad and Chowdhury, 1978). The present communication deals with 
the influence of the soil matrix on the development oiHaemonchus contortus eggs to infective 
larvae. 
About 30 cm of soil of different physico-chemical characteristics were collected 
from several places (Table 1). They were air dried, crushed and seived through a 4 mm 
seivc. The mechanical analysis was done according to International Pipette method. 
Table 1. Physico-chemical characteristics of soils 
Properties 
Composition 
Sand 
Silt 
Clay 
Clay ratio 
PH 
Electrical conductivity (mhos/cm) 
Osmotic pressure (atm) 
Cation exchange capacity (meq/lOOg soil) 
Organic matter 
GaCO, 
Morphological properties 
Colour 
Texture 
Aligarh 
soil 
Type I 
33.6% 
63.4% 
3.0% 
32.3 
9.2 
4.5xlO-« 
0.81 
16.35 
0.49% 
8.16% 
Yellowish 
grey 
Silt 
Aligarh 
Soil 
Type II 
39.7% 
50.0% 
10.3% 
8.7 
8.0 
5.89x10-* 
1.076 
9.45 
0.06% 
4.88% 
Darkish 
grey 
Loam 
Red soil 
(Kanke) 
Bihar 
32.2% 
48.1 
18.3% 
4.3 
6.4 
3.9xlO-« 
0.702 
6.5 
0.41% 
NIL 
Red 
Loam 
Aligarh 
soil 
Type III 
18.6% 
51.9% 
29.3% 
2.4 
7.8 
3.46x10-* 
0.622 
12.55 
0.14% 
4.01% 
Light 
yellow 
Silt clay 
Loam 
Black cotton 
soil (Kota) 
Rajasthan 
8.4% 
47.0% 
44.8% 
1.2 
7.4 
5.1x10-* 
0.918 
31.5 
0.56% 
1.0% 
Dark 
grey 
Silt clay 
Loam 
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using sodium oxalate as the dispersing agent (Chopra and Kanwar, 1976). The pH was 
measured in 1 : 5 soil water suspension by Beckman pH meter, using glass and satu-
rated calomel electrode assembly. Electrical conductivity was measured with Tcshni-
wal conductivity meter in the 1 : 5 soil water suspension. Osmotic pressure was cal-
culated from the conductivity measurements. Cation exchange capacity was deter-
mined by the method of Ganguly (1951), calcium carbonate by Piper's (1942) rapid 
titration method and organic matter by Walkely and Black's (1947) method. 
Faecal samples of sheep containing H. contorlus eggs were collected in muslin bags 
attached to rams or withers to avoid contamination with urine. Eggs were counted 
by StoU's (1923) technique. Faeces containing approximately 500 eggs/g was mixed with 
different soil samples. The mixture was spread uniformly in Petridishes and incubated 
at 27''C for 7 days. Moisture was kept constant. On the 8th day, the infective larvae 
were isolated in Baermann apparatus (Baermann, 1917) and the number of larvae per g 
was calculated. 
The physico-chemical properties of the soils used are given in Table 1, Maximum 
transformation of H. contorlus eggs to infective larvae occurred in Aligarh soil I (91%) 
and minimum in black cotton soil of Rajasthan (53%) (Fig. 1). 
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Fig. 1. Transi'irmation otH. contorlus eggs to infective larvae in different Soils. 
Aligarh soil I contained minimum clay content while the black cotton soil of Kota 
(Rajasthan) had maximum clay content (Table 1). I t is evident that clay ratio is 
directly proportional to the recovery of infective larvae. Augustine and Smillie (1926) 
also found that the development of hookworm larvae was largest in sandy soil compared 
with clay soil. 
Schultz (1967) found that pH 6.6 was most favourable for the development of 
H. contorlus. In the present work, highly alkaline Aligarh soil I (pH 9.2) was most favour-
able for the transformation of eggs to larvae. 
Nematodes are capable of maintaining their ionic equilibrium to a great extent, 
irrespective of fluctuation in the environment (Stephenson, 1942). Cation exchange 
capacity of black cotton soil (Rajasthan) is very high (31.5 meq/100 g. soil) as compared 
to other soils. The low transformation cf//. contorlus eggs to larval stage in black cotton 
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soil may partly be due to the presence of high concentration of exchangeable cations. 
Soils rich in organic matter are considered to be favourable environment for the 
larval development of hook worm (W. H . O . 1963). In our studies soils used did not differ 
significantly in their organic matter content. 
No correlation could be found between the percentage of calcium caibonate pre-
sent in the soils and the transformation of eggs to larval stage (Table 1 and Fig. 1). 
Grateful acknowledgement is made to the Indian Council of Medical Research, 
New Delhi for the financial assistance. 
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rNFLUENGE OF MOISTURE AND POROSITY OF SOIL ON THE TRANSFOR-
MATION OF HAEMONCHUS CONTORTUS EGGS TO INFECTIVE LARVAE 
K. C. SINGHAL, RASHMI AGRAWAL AND K. G. VARSHNEY 
Department of Pharmacology J. JV. Medical College, A.M.U. Aligarh-202 001 
(Received December 15, 1982; revised February 4, 1983) 
Nadakal (1966) has studied the incidence of root knot nematode, Meloidogyne 
incognita, in relation to soil types and Ponchillia and Norton (1970) have shown that soil 
properties effect the survival and migration of Xiphinema ameticanus. The present commu-
nication deals with the influence of mobture and porosity of soil on the transformation 
of Haemonchus contortus eggs to infective larvae. 
Thirty soil samples (0—30 cm) were collected from diffcient geographical regi-
ons. They were sieved to determine the percentage of sand and silt. Clay content 
was measured by the method of Wilde, Corey, Iyer and Voigt (1978). Six samples, 
vatying in their sand, silt and clay contents and in porosity, were selected to study the 
influence of moisture on the transformation of H. contortus eggs to infective larvae. 
Faeces of sheep experimentally infected with H. contortus were collected in muslin 
bags attached to rams or withers so as to avoid contamination with urine. Eggs were 
counted by Stoll's (1923) technique. Faeces were then mixed with different soils sepa-
rately and the mixture was so adjusted that it contained 500 eggs per g. The mixture 
was then spread in petri dishes and moisture content measured by Toshniwal moisture 
balance. Distilled water was added to obtain a range of moisture content from 27-40% 
for each soil. Plates were incubated in a B.O. D. incubator in dark at 27**C. A sample 
was drawn daily from each dish to determine the moisture percentage. To make up 
the loss, water was added. On 8th day of incubation, 3rd stage larvae were harvested 
from each dish in Bacrman's apparatus and per cent transformation of eggs to third 
stage larvae calculated. 
The mechanical composition and porosity of the soils are given in Table 1. 
The optimum moisture requirement of each soil for the development of eggs to infective 
larvae is presented in Fig. 1. The sand and sandy loam I with low porosity (50% and 
53% respectively) favoured maximum development of eggs to larval stage at 30% moisr 
ture content. The loam and sandy clay loam were highly porous (porosity 80% and 
78% respectively) and required 34% and 38% moisture content respectively for maximum 
transformation of eggs to infective larvae. The optimum moisture requirement in sandy 
loam II and sandy clay soils was 36% and 40% respectively (Porosity 56% and 48% 
respectively). 
-". • The development of//, coiitoitus eggs to infective larvae was directly related to 
the porosity of soils, higher the porosity greater the development. Thus, maximum 
development occurred in loam followed by sandy clay loam, sandy loam II, sandy loam 
I, sand and sandy clay soils ia decreasing order. 
The seasonal variation in the intensity of infection with soil transmitted nema-
todes clearly indicate that during rainy season, when soil b moist, the intensity of infcc-
liSfriFlugh^and tends to decline during dry season (Wallace, 1956, Nwosu and Aiiya', 
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TABLE 1. Properties of different soils 
Physico-chemical 
properties 
Mechanical composition 
sand : 
600 f(m 
425 fm 
300 Mm 
212 Mm 
75 Mm 
20 Mm 
Silt: 
20 to 25 Mm 
Clay : 
Below 2 Mm 
Clay ratio 
Porosity 
Chemical properties 
PH 
Electrical conductivity 
(mhos/cm) 
Cation exchange capacity 
(meq/lOOgsoil) 
Calcium carbonate (%) 
Organic matter (%) 
Sand (%) 
0 
4 
2 
1 
78 
7.74 
4.76 
2 
49 
50 
8.8 
1.8x10-* 
11.25 
U.4 
0.31 
Sandy loam 
I {%) 
2 
13 
8 
3 
41 
5 
18 
10 
9 
53 
8.1 
6.5xl0-« 
4.06 
Nil 
2.5 
Loam (%) 
Nil 
0.2 
0.1 
0.5 
40 
3.98 
29.52 
25.5 
2.9 
80.0 
8.3 
4.55xl0-« 
1.00 
5.75 
0.75 
Sandy loam 
n {%) 
5 
19 
20 
5 
9.25 
9.5 
16.75 
15 
5.67 
56.0 
7.4 
5.1x10-* 
31.5 
1.0 
0.56 
Sandy clay 
loam (%) 
Nil 
0.1 
0.2 
0.7 
10 
42 
23 
24 
3.17 
78 
6.7 
4.35X10-* 
11.4 
0.8 
1.32 
Sandy cla) 
(%) 
2 
18 
11 
1 
15 
9.5 
12.47 
40 
1.5 
48.0 
9.2 
7.5X10-
4.63 
Nil 
1 
196 
TRANSFORNUTION OF H. CONTORTUS EGGS TO LARVAE 67 
1980). However, high moisture content of the soil stops the development of eggs or 
larvae oi Ankylostoma duodenale and H. contorlus (Boycott and Haldane, 1904; Veglia, 
1915). The survival period of the preformed larvae oi Haemonchus, Oesophagostomum and 
Trichostrongylus was found to be proportional to the water content of the soil At high 
moisture content soil pores get filled up repalcing the available oxygen necessary for the 
survival of larvae. On the other hand, dessication reduces the viability of hookworm 
eggs and larvae (Donald, 1955; Ellenby, 1968 a, b.) 
The soils included in the present study have a wide spectrum of porosity. The 
relationship of pore size and development of hookworm eggs to infective juveniles was 
evident by the fact that maximum transformation took place in loam with 80% porosity 
and minimum in least porous sand and sandy clay soils (Table 1). 
The general observations made earlier that sandy soils provide excellent medium 
for the development and survival of larvae (Vinayak, Chitkara and Chhuttani, 1979; 
Singhal, Rai, Kumar and Ajmal, 1981) is true only within limits. Nematodes are too 
small to displace many particles in most soils and are restricted to pores formed between 
the packed particles. They can move rapidly when their diameter is slightly less than 
that of the pore necks. In these conditions the nematode is able to bend freely through 
the pores. For efficient sinusoidal movement to occur (Wallace, 1968), the size of the 
pore in relation to body size is important, consequently different larval stages of the 
same species of nematode exhibit different mobility in soils (Wallace, 1971). 
It can be concluded that highly sandy soils as well as soil with high clay content, 
having low porosity, provide an unfavourable media for the development and survival of 
Haemonchus larvae. Further, sandy soils require less and clay soils require more mois-
ture, in general, for providing optimum conditions for transformation of eggs to infective 
larvae. 
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EFFECT OF ALTERATIONS IN OSMOLALITY AND OSMOTIC PRESSURE 
ON THE SURVIVAL OF INFECTIVE LARVAE OF HAEMONCHUS CONTORTUS 
R. R. GUPTA, K. G. SINGHAL, P. N. SAXENA AND ANIL KUMAR 
Department of Pharmacology, Jawaharlal Nehru Medical College, Aligarh Muslim University, 
Aligarh-2<d2W\ 
(Received March, 15; 1981; revised November 2, 1981) 
Animal cells mainlain an intracellular conlenl of solulcs which differs from that 
of the surrounding medium. The body lluids may have a similar osmotic pressure 
to the medium surrounding (isosmotic) but may frequently contain cither more solutes 
(hyperosmotic) or less solutes (hyposmotic) than the external medium. Nematodes, in 
general, are fairly resistant to variation in environmental osmotic concentrations. Som-
merville (1976) studied the development of infective larvae of Haemonchus contortus to 
fourth stage in solutions having varying concentrations of potassium ions and observed 
inhibition in development at too high or too low concentration of the anion. The present 
paper deals with the effect of varying osmolality and osmotic pressure on the survival of 
3rd stage larvae of H. contortus. 
Faeces of sheep artificially infected with H. contortus was collected in musUn bags 
attached to the rams or withers to avoid contamination with urine. The faecal pellets 
were pulverized and mixed with granular charcoal in a fixed ratio (1 : 10) to give a creamy 
consistency. 30 g of this mixture was spread in each Petri dish. The dishes were then 
incubated for 7 days at 27''C. The mixture was just kept moist throughout the period 
of incubation for optimal development of 3rd stage larvae. The larvae were harvested 
on the 8th day by the technique of Baermann (1917). They were given repeated washings 
with conductivity water to free them from any extraneous material. Larvae were then 
suspended in sodium chloride solution of varying concentrations in tubes. There were 
2,000 larvae/ml of NaCl solution. The tubes were closed with rubber corks and incubated 
at 27°C. At intervals of 24 hr. tubes were taken out and shaken to ensure homogenous 
dispersion of larvae in the solution. Samples of 0.1 ml were withdrawn and transferred 
to a counting chamber and larvae were counted as described by Singha) (1967). The 
survival and posture of the larvae were obsei-vcd imder low power of a binocular micro-
scope. 
The electrical conductivity of the saline solutions was measured by Toshniwal 
conductivity meter and osmotic pressure and osmolality were calculated according to 
Jackson (1973). 
Table 1 gives the survival of larvae of//, contortus \n different sodium chloride solu-
tions providing osmotic pressures from 0.16 to 70.22 atmosphere and corresponding 
osmolality ranging between 8.8 to 1,051.2 mosmol/kg. 
Mean per cent survival of the larvae observed after 24 and 48 hr of incubation 
is shown in Fig. 1. No significant effect was obsei-vcd at osmolality range from 70 to 
420.5 mosmol/kg. The per cent survival of larvae at these concentrations ranged bet-
ween 92 to 100 and 82 to 91 after 24 and 48 hr respectively. Maximum survival was 
observed at 315.4 mosmol/kg and 5.6 atmosphere (atm) osmotic pressure provided by 
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TABLE 1. Effect of osmolaliiy/osmotic presiure on the survival of 3rd stage larvae of 
H. contoHus 
Sodium 
chloride 
mg/lOO g 
25 
50 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1,000 
1,100 
1,200 
1,300 
2,000 
2,500 
3,000 
Osmotic 
pressure 
atm 
0.16 
0.27 
0.48 
1.37 
l.GO 
2.40 
3.05 
3.36 
4.09 
5.06 
5.61 
6.00 
6.41 
7.00 
7.58 
11.5 
14.0 
17.22 
( ) S m n l a l i t v 
mosmol/kg 
8.8 
17.j 
35.0 
70.0 
105.2 
140.2 
175.2 
210.2 
245.3 
280.3 
315.4 
350.4 
385.4 
420.5 
453.5 
700.8 
876.0 
1,051.2 
Mean % survival* 
24 hr 
70 
73 
74 
92 
92 
91 
89 
92 
97 
100 
100 
100 
100 
100 
97 
88 
82 
70 
48 hr 
60 
65 
68 
82 
84 
86 
85 
82 
90 
97 
99 
97 
97 
91 
82 
83 
72 
65 
•Mean of ten experiments. 
900 mg/100 g of sod'um chloride solution at 48 hr interval. Lower osmolality from 35 
to 8.8 mosmol/kg as well as higher osmoialiiy from 700.8 to 1,051.2 mosmol/kg had an 
adverse effect on the survival of ihe larvae (Table 1). 
Osmotic influence e.xerted by the medium in which the nematodes live affects the 
osmotic pressure of the body fluid. AKaris lives in a hyncrton-c medium and it swells or 
shrinks in saline media which are too dilute or too concenrraicd (Hobson, Stephenson 
and Edena, 1952). On the other hand earthworm nematode, Rhabditis terrestris, lives in 
an environment which is hypotonic to body fluids and maintains its internal osmotic 
pressure by means of a method of osmotic regulation, and its body volume changes like 
Ascaris with alteration in salt concentration of the environment (Stephenson, 1942). 
Similar osm.oregulatory system has been observed in Aspicularis tetraptera, Parascaris equorvm, 
R, terrestris and Hammerschmidliella diesingi (Anya, 1966; Schopfcr, 1925; Stephenson 
19 2; Lee, I960). 
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Fig. 1. Effect of osmolality on the survival of infective larvae of//, contoriu!. 
Every nematode has a range of environmental osmotic pressure which could be 
regarded as ideal for its development and consequent survival. High osmolality of the 
culture media inhibits the transformation oiMecator americanus eggs to infective larval stage 
(Caldwell and Caldwell, 1927). Similarly, development of infective larvae of//, contortus 
to fourth stage in vitro was impaired by osmotic pressure below 200 mosmol/kg or above 
300 mosmol/kg (Sommerville, 1976). The results of present study, however, indicate that 
osmolality range from 70 to 420.5 mosmol/kg favoured maximum survival of larvae of 
H. contortus and increase or decrease beyond the range reduced the survival of the larvae. 
Maximum survival of the larvae was observed at 315.4 mosmol/kg and 5.6 atm osmotic 
pressure provided by 0.9% sodium chloride. Taylor and Whitlock (1960) have also 
shown the importance of salt in exsheathment and observed that exsheathment of//. 
contortbs occurs freely at 0.1 to 0.8% NaCl concentration. 
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CORRELATION BETWEEN THE SPEED AND EXTENT OF VERTICAL MIGRATION 
OF INFECTIVE LARVAE OF A SHEEP HOOKWORM, HAEMONCHUS 
CONTORTUS AND SOIL TEXTURE 
Rashmi Agarwal, K.C. Singhal and S. Kumar* 
Department of Pharmacology, J.N. Medical College. A.M.U, Aligarh-202002 (India) 
Studies were carried out to see the speed and extent of vertical migration of 
infective larvae of H. contortus in soils of varying physico-chemical composition. 
Pores of greater w/idth than the optimum size may allow a significant lateral slip of 
the body and so reduce the speed of forward movement. The maximum upward 
migration occurred in sandy day foam {40 cm) followed by sandy loam I. sand, 
loam {35 cm), sandy loam II {30 cm) Mdsandy day (25 cm). 
The nematodes in order to find suitable habitat for their physiological functions, 
migrate. They generally exhibit unduiatory propulsions. Factors in soil environment 
influence the speed and extent of upward migration. These include moisture, pore size, 
presence of chemicals etc. Most of the studies have been carried out on plant parasitic 
nematodes. However, isolated reports of the study on the movement of horse strongyle 
and hookworm larvae in different soils, bursate nematodes on the surface of ruled glass 
ilide covered with sand are available^- .^ - ' 
The present investigation Was designed to study the speed and extent of upward 
migration of infective larvae of H. contorUis in soils of different soil texture. 
Materials and Methods 
Soil samples from different legions of the country were collected and were analysed 
for physico-chemical properties. Distilled .water was added to the soils and moisture 
r tent was estimated with the help of Toshniwal moisture balance. The moisture content 
[>i each soil was adjusted to the optimum level for the development of hookworm eggs. 
To observe vertical migration of larvae soils were packed in polythene bags ^0 cm long 
ind, 5 cm in diameter. The open upper end of the bags was sealed and they were hanged 
/erticaliy in an Jncubator at a temperature of 2TC. Fh^ hundred infective larvae of 
H. contortus wiere; injected in the soil at the bottom of each bag. After 15 days the 
x>iyth«ge bags -were cut jn segments of 5 cm each. Soil from each segment was 
- • _ . _ ^ ^ _ ^ _ ^ _ 
'Present address: 6, Civil Court, /iiUgarh.2020020. 
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transferred separately in petridishes. The soil samples were drawn from each segment 
and larvae were harvested in Baermann's apparatus*. Ttie percent larvae at each level was 
caiciifatedl Fo? observind the speed of migratio'h or infective^ larvae in first threV hourit(-of 
placement in soil, larvae were injected at the bottom o^80 mm long and 5 cnt Wide soil 
packed polythene bags. After three hours the number of larvae at each level was estimated 
by the method described atxive. 
Results and Discussion 
At constant moisture content and at room temperature (20-25°C) the vertical distance 
moved by infective larvae in 15 days was ditferentjif different, soils. .The, maximum, 
upward migration, occurred in sandy clay loam, (40 cm), followed by loam I,, sand, loam 
(35 cm); sandy loam. II (30 cm) and sandy clay .(25 cm). The proportion .of larvae 
reaching upto different heights in soil columns yvas also differentJr^, different soils 
(Table 1). The correlation of the vertical distance moved by 50% larvae was significant 
with the % sand and clay ratio. Correlation coefficient being 0.71 and.1.16 reisp^ctjvely. 
The correlation with, porosity was not significants (Correlation coefficient ^6.025) 
(Table 2). The correlation with the vertical distance moved by 75% larvae was significant 
with the % sand; clay ratio and porosity (Table 3>. 
Tabia V 
Upward migration of infective larva»of H. contortus at different levels in the 
soils of different soil texture 
Vertical 
distance in 
cm 
0-5 
5-10 
10-15 
15-20 
20-26. 
25-30 
30-35 
35-40 
Sandy Clay 
60 
20 
10 
5 . , 
-• • : 5 
: '_ . 
— 
, ' —.; 
Sandy loam 
It 
45 
25 
15 
—, 
10 
5 
— 
— 
All the fig( 
Loam , Sand 
35 45 
— 20 
20 20 
. .15 — 
- . 1 0 
15 — 
15 5 
1 • " " " . ~~' 
Absent 
Jres show percentage 
Sandy loarh "" 
1 -
20 ; 
25 
— 
25 
: . 
10 
20 
3 
Sandy clay 
loam 
60 
5 
5 
10 
5 
• — 
10 
K 
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Table 2 
" ^ p i V CorTe|a]tloqi<b9tW9eR .vertical migration of 5Q%Jarva« and different phyaicaP' 
• ^M^ikr-ji'sj -©•uiiKuhd-^ iSM .^  • 1 properties of^ soilfr.^  li,.,; </.-, v. - ' 
'4i .'^ Physical properties j 
.% Sand 
-Clay ratio 
sa. ••>. -''. 
Porosity 
Correlation coefficient 
'} 
0,71 
1.16 
h-i 
0.025 
Significance, 
' P<0 5"* 
P<0.2'* 
> 0 . 5 ' 
P<p.5' 
Table 3 
Correlation between vertical migration of 75% larvae and different physicdl 
properties of soil 
Significance 
P<0.5 
P<0.5 
P<0.2 
>0.5 ; 
Physical properties 
n of sbi|'<-
%. Sand 
Clay ratio 
Porosity 
Correlation 
coefficient 
0.576 
0.45 
1.03 
The speed of vertical migration of infective larvae of H. contortus as observed by 
tt)*distance moved in three hours varied in different soils. In sandy loam I and II and sandy 
day loam the larvae showed greater upward migration of 6 cm as compared to upto 5 cm 
In sand and loam and only upto 3.5 cm in sandy day soil. The speed of migration was 
related to the porosity of soils. Maximum migration was found when the porosity of soil 
was between 48-78%. In soils of higher or lower porosity the speed of larvae was 
reduced (Table 4). 
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Tabitt 4 
Correlation between extent of vertical migration of infective larvae of 
H. contortus and porbsfty In toils of different soil texture 
Soil texture 
Sandy clay 
Sandy loam 1 
Sand 
Sandy loam II 
Sandy clay loam 
Loam 
Poro!»::y 
(%) 
48 
60 
53 
56 
78 
80 
Length of vertical 
migration 
(cm) 
3.5 
6 
5 
6 
6 • 
5 
Time fixed : 3 hr. 
Temperature : 22»C - 26.5''C 
An important factor in the survival of animals is their ability to disperse and migrate 
in order to find a habitat in which their physiological characteristics can function best, 
locate and catch their food and to find a mate. Animals accomplish such objectives by 
various types of locomotion such as swimming, crawling, flying, walking and running, 
according to their anatomical structure and the habitat in which they live. The nematode 
enters an environment after hatching from the egg. The nature of which depends on the 
particular life cycle. Free living nematodes and the free living stages of parasitic nema. 
todes occur commonly in the soil; some nematodes move about in water films on the 
surface of plants, whereas others live in deep fresh or salt water. Some species hatch 
within the plant or animal host and consequently they have to migrate through the tissues 
or through spaces such as the gut or blood vessels*. 
The movement of nematodes through soil depends on soil geometry designed by 
particle size. There is little chance of larvae displacing soil crumbs to negotiate. Also 
nematodes. cannctf squeeze through space narrower than its own body diameter. 
The soils were uniformly paclced in the piesent study. There is little chance of wide 
variation in pore size throughout the length of one column. However, variables like 
shape, size of soil particles influence the width of pores and pore neclcs. 
U5 
CORRSLATtON BBTWEBH THE SPEED AND EXTENT OF VERTIdAl 2 t 
In general, soils with high clay content reduce mobility more than do sandy soils, 
exoe(>t'where numerous cracks and fissures give alternative pathways''for nkivement. 
Nematiii* movement iniibiis may be co-ordinated in a manner th«it permits the* anirhdf to 
•eie^ a new direction of travel when a particular channel becomestod harrow. Soil 
inhabitating nematodes, such as Longidorus and Xiphinama. may be restricted by^  their 
laigesizetoa small proportion of the soil, volume, perhaps as little as a few per cent 
of the soil pore space in their habitat. It is probable that these nematodes are particularly 
dependeni for movement or> channels formed in the soil by plant root systems',*. 
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INFLUENCE OF NEUROHUMORS ON MOTILITY AND 
TRANSVERSE MIGRATION OF INFECTIVE LARVAE OF 
Haemonchus contortus 
K.C. SINGHAL, R. AGARWAL and K.G. VARSHNEY 
Department of Pharmacology, J.N. Medical College, A.M.U., Aligarh. 
1. Evidence has collected that neurohumors play a significant role in regulating the worm 
movements. Addition of acetylcholine, 5-HT, histamine or adrenaline to larval 
suspension caused initial increase in the motility of the larvae followed by paralysis. 
Z The onset of action was immediate following addition of 5-HT, histamine and 
adrenaline. However, the effect of Ach was after a latent period. 
3. The effect of S-HT, histamine and adrenaline appear to be only depressent caused by 
hyperpolarization of the nerve-muscle complex and the initial stimulation could be 
due to the irritant effect of these chemicals. 
4. The spastic paralysis caused by Ach indicate that the drug causes deplorization at the 
neuromuicular junction. 
5. All the four neurohumoral agents cauxd concentration related inhibition of the 
transverse migration of the infective larvae through soil particles. 
Key phrases : Haemonchus contortus, neurohumors. 
introduction 
The movements of nematodes and their develop-
mental stages are regulated t>y neurohumors. In most 
species acetylcholine (Ach) is the stimulatory and 5-
hydroxytryptamine (5-HT) is the inhibitory transmitter 
(Baldwin & Moyle, 1947 & 1949; Del Castillo, 1969; 
Singhal, Madan and Saxena, 1977; Singhal, Zehra, 
Singhal and Saxena, 1978) while in others increase in 
movements is brought about by 5-HT and Ach acts as an 
inhibitory transmitter (Mansour, 1957). The studies 
related to the effect of neurohumors onihe movements 
of nematodes are limited. It has thus not been possible 
to assign the role of a true neurotransmitter to any 
chemical agent in most of the species studied. 
The present study was designed to observe the effect 
of some neurohumors on the motility and on the 
transverse migration of infective larvae of Haemonchus 
contortus, a sheep hookworm. 
Methods 
Faeces of sheep infected with H. contortus was 
collected and mixed with the granular charcoal in a 
fixed ratio of 1:2 to give a creamy consistancy. Thirty g of 
faeces charcoal mixture was spread on petri dishes 
(10 cm diameter). The petri dishes were incubated in a 
B.O.D. incubator at 27°C for 7 days. On 8th day of 
incubation, infective larvae were harvested in 
Baermann's apparatus. The larvae were suspended in 
normal saline and drugs added in different 
concentrations. The motility and posture of the larvae 
was observed at regular intervals. 
To observe the effect of drugs on the transverse 
migration of infecfive larvae a 3x1 inch glass slide was 
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marked with the help of diamond pencil into a central 
compartment of 2 mm wide and 8 mm wide four 
compartments on each side of central compartment 
(Fig. 1). About 10 infective larvae suspended in a drop of 
normal saline were placed in the central compartment. 
The water was allowed to evaporate almost to dryness. 
Fine sand mixed with different concentration of drugs 
was sprinkled evenly over the slide. A set of 5 slides with 
drug free sand served as control. With a mounted 
needle the sand was cleared from the edges of the slide, 
leaving an unstanded border of about 2 mm wide. This 
border was smeared with a thin layer of vaseline to 
prevent the larvae from migrating to outside or the 
undersurface of the slide. Breathing on the sanded slide 
was found inadequate for moistening purposes, so an 
atomiser containing distilled water was used. Here, 
again care had to be taken to moisten the slide evenly all 
over and to apply the correct amount of moisture. To 
prevent the evaporation of the moisture the slide was 
kept in a 4x1Viin. glass tube. The cork was a tight fit in 
the glass tube and was well smeared with vaseline 
before being replaced; otherwise the air inside the tube 
would not remain saturated and evaporation would 
occur. The slides were placed horizontally at a constant 
temperature (27°C) in dark for 3 hours and adjusted 
absolutely level to avoid the effect of gravity. At the 
end of 3 hours sand from each compartment was 
transferred to normal saline and larvae counted. 
Resuhs 
Addition of Ach to the larval suspension caused initial 
Increase in their motility followed by the decrease 
leading to paralysis. At a concentration of 25 /<g/ml the 
onset of effect was after a delay of about 30 min. The 
onset of action was early at higher concentrations. At a 
concentration of 500 iiS/m\ the increase in motility was 
immediate following the addition of the drug. 
The distance travelled by larvae through sand 
particles impregnated with Ach was found to be 
indirectly related to the concentration of Ach. At a 
concentration of ^O0|^g/g of Ach about 60% of the 
larvae travelled a distance of more than 24 mm as 
compared to 80% in the control. With a concentration 
of 1 mg/g 60% of the larvae could travel a distance only 
upto 8 mm. No movement of larvae took place when 
the concentration was raised to 4 mg/g (Fig. 2.). 
Addition of histamine to the larval suspension caused 
initial increase in motility followed by paralysis. The 
increase in motility was observed in larger proportion 
of the larvae with lower concentration of histamine 
(50(ig/ml) while at higher concentrations the rtumber 
of larvae showing stimulation as well as the duration of 
stimulant effect was reduced. With a concentration of 
S00/<g/ml larvae showed normal movements till about 
30 min following which some of the larvae started 
showing reduction in nwtility and at the end of 2 hours 
more than 75% of the larvae were nonmotile (Fjg. 3.). 
Horizontal migration of larvae was not affected by 
low concentrations of histamine. Distance travelled by 
larvae was appreciably reduced only at a concentration 
of 0.5 mg/g (Fig. 3.). At higher concentrations there was 
further reduction in the migration. At 2 mg/g only 40% 
of the larvae migrated to the first compartment (upto 
8 mm) and no migration from the central compartment 
took place at a still higher concentration of 4 mg/g. 
Addition of 5-hydroxytryptamine to the larval 
suspension caused an increase in their motility. At 
concentrations of 5 and W/ig/ml the proportion of 
larvae showing increase in motility was greater. 
However, some of the larvae continued to show higher 
motility even at the end of 2 hours. With higher 
concentration the initial increase was followed by 
decrease in motility. At very high concentrations (1-
2mg/ml) increase in motility was not observed at any 
time and proportion of larvae showed reduction in 
nrotility (Fig. 4.). 
No appreciable difference in the transverse distance 
moved by the larvae was observed upto a concentration 
of 100 f8 of 5-HT in soil. Further, increase resulted in 
concentration related inhibition of migration of the 
larvae. At 2 mg/g only 50% of the larvae could travel a 
distance upto 16mm and at 4mg/g upto 8mm. 
Addition of adrenaline at low concentrations to the 
larval suspension caused initial stimulation followed by 
irreversible paralysis. At higher concentrations of 250 & 
SOO^g/ml initial stimulation was not observed and only 
reduction in motility was observed after a latent period 
of 15 and 30 min respectively. Repeated washings with 
drug free solution failed to restore the movements of 
the paralysed larvae (Fig. 5.). 
On the transverse migration through sand particles 
impregnated with adrenaline the effect was evident 
only at 100/ig/g concentration when only 29% larvae 
could travel a distance of upto 32 mm as compared to 
60% in the control. Further, increase in concentration 
(1 mg/g) reduced the migration only upto 8 mm by 10% 
of the larvae. No migration took place at still higher 
concentrations (Fijg. 5). 
Dbcussion 
All the four neurohumors viz Ach, 5-HT, histamine 
and adrenaline increased the motility of infective larvae 
of H.confOffos. However, the increase in motility 
brought about by Ach was different than others. At low 
concentration? the^effect of Ach was late in onset. The 
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latenqr period was decreased with the increase in the 
concentration. It is possible that the cuticle of infective 
larvae presents a barrier to the penetration of the drug 
as it does in several other nemaodes like Ascaris 
lumbrtcoldei and Setaria cervi (Del Castillo, De Mello 
and Morales, 1963; Singhal, Zehra, Singhal and Saxena, 
1978). 
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The movements of infective larvae of H. contortus are 
stimulated initially by Ach, 5-HT, histamine and 
adrenaline. The increase in activity was immediate 
following addition of S-HT, histamine and adrenaline 
whereas with Ach the onset of stimulation was after a 
latent period which varied from 30min at a 
concentration of 25ng/ml to a few seconds at 
SOOMg/ml-
Ach has been assigned a role of stimulatory chemical 
transmitter in A.lumbricoides (Del Castillo, De Mellc 
and Morales, 1963), S.cervi (Singhal, Zehra, Singhal and 
Saxena, 1978) and some other nematodes. The 
concentration of Ach in these nematodes has fc>een 
fourid to be of same order as observed in grey matter of 
mammas (Mellanby, 1955; Mc-llwain, 1959; Khwaja, 
Bhargava and Kishore, 1973). Further, the presence of 
Ach in free and bound forms suggest that a developed 
2J9 
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system for irs synthesis, storage, release and destruction 
may be present in these nematodes. 
The delay in Ach response was more with small than 
with larger concentrations. This can be attributed to the 
time taken by the drug to cross the cuticular barrier and 
reach the receptors responsible for the stimulatory 
response. Such a barrier for Ach has been shown in 
adult S.cervi (Singhal, Madan and Saxena, 1977). The 
initial phase of stimulation was followed by spastic 
paralysis of the infective larvae indicating that Ach 
causes depolarization at the neuromuscular junction 
leading to paralysis, an effect similar to that observed at 
the mammalian myoneural junction. Similar effect of 
Ach has been observed on the whole worm and nerve 
muscle preparation of A.luwbricoldes (Baldwin & 
Moyle, 1947 & 1949) and S.cervi (Singhal, Madan, 
Saxena and Johri, 1975; Singhal, Madan and Saxena, 
1977). That Ach may be a excitatory neurohumor or a 
chemical transmitter is further supported by the fact 
that large amounts of acetylcholinesterase, an enzyme 
for the hydrolysis of Ach is present in closely related 
nematode, Necator americanus, a hookworn parasiti-
zing man (Lee, 1947). 
S-IHT, adrenaline and histamine even at very low 
concentrations cause immediate increase in the 
motility of infective larvae which is followed by flaccid 
paralysis. The initial response can be attributed to 
stimulation of nonspecific chemosensory sensilla by 
these chemicals which cause increased movements of 
the larvae. However, when the real depressent effect of 
the drugs supervenes the paralysis becomes evident. 
This contention is supported by the fact that with higher 
concentration of 5-HT, adrenaline or histamine initial 
stimulation is absent and only decrease in worm 
movements is observed. Since the resultant paralysis is 
flaccid in nature the effect of these chemicals appear to 
be due to hyper-polarization of the muscle end plate. 
5HT has been shown to play a possible role of stimulatory 
neurohumor in fasciola hepatica and Schistosoma 
mansoni (Barker, Bueding and Timms, 1966; Chance 
and Mansour, 1953) and of inhibitory neurohumor in 
S.cervi (Singhal, Madan and Saxena, 1977). 
Tlie migration of the larvae was inhibited 
irrespective of whether the drug concentrations 
increased or decreased the larvae movements. These 
observations indicate that during the phase of 
. stimulation, contraction waves were not well coordina-
ted and were, therefore, not capable of transforming 
work done during undulation into forward 
progression. 
References 
BAERMANN, C. (1917). Eine einfache methode zur 
auffindung von Anchylostomum (Nematoden) 
Larven in Erdprotem. Ceneesk, Tijdschr Ned-lnd, 
57,131-137. 
liALDWIN, E. and MOYLE, V. (1947). An isolated nerve 
"^ muscle preparation from Ascaris lumbricoides, 
I.exp. Biol.. 23, 277. 
BALDWIN, E. and MOYLE, V. (1949). A contribution to 
^ the physiology and pharmacology of Ascaris 
lumbricoides from the pig. Br. J. Pharmacol., 4,145. 
BARKER, L.R., BUEDING, E. and TIMMS, A.R. (1966). 
The possible role of acetylcholine in Schistosoma 
mansoni. Br. /. Pharmac, 26, 656-665. 
CHANCE, M.R.A. and MANSOUR, T.E. (1953). A 
contribution to the Pharmacology of movements in 
the liver fluke. Br. ) . Pharmac, g, 134-138. 
DEL CASTILLO,]. (1969). Pharmacology of nematodes in 
chemical zoology. Vol. 3 Ed. Florkin, M. and Scheer, 
B.T. New York: Academic Press pp 521-524. 
DEL CASTILLO,)., DE MELLO, W.C. and MORALES,T.A. 
(1963). The physiological role of acetylcholine in the 
neuromuscular system of Ascaris lumbricoides. 
Arch. Int. de Physiologic et de Biochimie, 71, 741-
757. 
KHWAJA, N., BHARGAVA, K.P. and KISHORE, K. 
(1973). Neurotransmitters in Ascaridia galli. Indian I. 
Pharmac, S, 346-348. 
LEE, J.D. (1976). Physiology of nematodes, pp. 133-144. 
London. Mcmillan Press Ltd. 
MANSOUR, T.E. (1957). The effect of lysergic acid 
"^ diethylamide, 5-hydro-xytryptamine and related 
compounds on liver fluke, Fasciola hepatica. Br. I. 
Pharmac, 12, 406. 
Mc-ILWAIN, M. (1959). Biochemistry and the central 
nervous system, London: |.A. Churchill Ltd. pp. 205. 
MELLAN8Y, H. (1955). The identification and estimation 
of acetylcholine in three parasitic nematodes 
(Ascaris lumbrocoides, Litomosoides carinii and the 
microfilariae of Dirofilariae repens). Parasitology, 
45, 287-294. 
SINGHAL, K.C., MADAN, B.R., SAXENA, P.N. and 
JOHRI, M.B.L. (1975). Effect of neurohumors and 
210 
Neurohumors and motility of Haemonchus Larvae 99 
some other drugs on the movements of S.cervi Ind. 
I. Pharmac. 7, 22-26. 
SINCHAL. K.C., MADAN, B.R. and SAXENA, P.N. (1977). 
Effect of drugs on the nerve muscle complex of 
Sxeryi. Ind. I. Med. Res. 66. 517-521. 
SINGHAL, K.C., ZEHRA, N., SINGHAL, U. and SAXENA, 
P.N. (1978). Acetylcholine: A possible neurotrans-
mitter in S.ceryi. Indian /. Physiol. Pharmac, 22, 71-
74. 
Accepted September 10,1985 
Dr. K.C. Singhal 
Reader in Pharmacology 
).N. Medical College. A.M.U. 
Aligarh 
211 
Jnd. J. Pharmac, 14 (3) 229-232 
EFFECT OF PYRANTEL PAMOATE ON THE DEVELOPMENT 
OF HOOK WORM 
K. C. SiNGHAL, R. R. GUPTA, P. N. SAXENA AND ANIL KUMAR 
Department of Pharmacology, J . N. Medical College, A.M.U., Aligarh 
Abstract 
Pyrantel pamoate, a broad spectrum anthelmintic, was investigated for its effect 
on the developmental stages of sheep hook worm, Haemonchus conlortus. 
Addition of pyrantel pamoate to the faeces charcoal mixture caused concentration-
related inhibition of transformation of Haemonchus contorlus eggs to infective larvae, the 
LC,o and LC„ being 54.95 ± 6.90 and 400.00 ± 49.10 meg, respectively. On infective 
larvae, pyrantel pamoate produced contracture and decrease in motility leading to 
irreversible paralysis. 
Key phrases 
Pyrantel pamoate 
Haemonchus conlortus. 
Introduction 
Clinical trials have demonstrated the 
efficacy of pyrantel pamoate against several 
species of helminths in man, including Ascaris 
lumhricoides; Ankylostoma duodenale; Neclor 
americanus and Enlerobius vermicularis (Bell 
and Nassif, 1971; Cervoni and Gonzalez, 
1971; Desowitz el al., 1970; Garcia-Perez, 
1970; Levi el al., 1970), following oral ad-
ministration in a single dose. 
In soil transmitted nematodes, the eggs 
are passed by the infected population, which 
undergo some development in the transmitting 
media, the soil, before being capable of caus-
ing infection in the new host. Some anthel-
mintics including, thiabendazole and tetra-
chlorethylene, damage the ova thus rendering 
it incapable of further development (Banerjee, 
Mandal and Prakash, 1971; Banerjee and 
Prakash, 1972; Goulart, Arrudo and Jourdan, 
)974; McCallister, 1976). No such effect is 
Hook worm Anthelmintic 
reported with pyrantel pamoate. The present 
study was designed to investigate the effect of 
pyrantel pamoate on the transformation of 
eggs of sheep hook worm Haemouchns contorlus, 
to infective larvae with a view to assess its 
capability to limit the propagation of hook 
worm infectiod to a new host besides causing 
elimination of parasite from the infected host. 
Materials and Methods 
The faeces of the sheep artificially infec-
ted with H. contorlus were collected in muslin 
bags attached to rams or withers, to avoid 
contamination with urine. Eggs were counted 
by StoU's ova counting technique (1923). The 
faeces was mixed with granular charcoal and 
this mixture was so adjusted that it contained 
500 eggs per g. To each 30 g of charcoal 
faeces mixture, pyrantel pamoate was added 
in different concentrations (25-900 mcg/g) and 
mixed thoroughly. The mixture was spread 
uniformly over petri dishes. A set of petri 
?i? 
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dishes without the addition of pyrantel 
pamoate was kept as control. The petri dishes 
were incubated in B.O.D. incubator in dark 
at 27»C for 7 days. On 8th day, the infective 
larvae were harvested from the charcoal faeces 
mixture in Baermann's apparatus (Baermann, 
1917). The larvae were counted under a 
microscope and the development score was 
calculated by the following relation : 
Development score = 
No. of infective larvas developed/g (Mcanj 
No. of eggs/g (Mean) 
Each concentration of ihe drug was tes ted len 
times and mean concentration of drug inhi-
biting 50% (LC,o) and 90% (LC,,) transfor-
mauon of eggs to inl'ective larvae was 
calculated following the method of Miller and 
Tainter (1944). 
Larvae obtained Irom the drug free 
culiures were washed and suspended in 
Ringer's) solution. Coimt was adjusted to 
500 larvae per ml of suspension. Four ml of 
larvae suspension was placed in each of the 
twelve cultiu-e tubes. Pyrantel pamoate was 
added at the concentration range of 100-
1000 mcg/ml to first ten tubes while tiie 
remaining two tubes without drug were kept 
as control. These tubes were incubated at 
27*C in a fi.O.D. incubator. Each concentra-
tion of the drug was tested for 10 times. 
Count of hving and dead larvae was done 
after every 24 h for two consecutive days and 
per cent survival with reference to control was 
calculatea. 
The motility and posture of the larvae 
were also observed. In order to differentiate 
reversible paralysis caused by the drug larvae 
were washed repeatedly with Ringer's solu-
tion, resuspended, incubated, at 27''C for 6 h 
and were examined under microscope lor 
restoration and movements. 
Results 
Addition of pyrantel pamoate to the 
faeces charcoal mixture caused concentration-
lelated inhibition of transformation of ^ . con-
torlus eggs to infective larvae (Fig.). The 
development score being 0 66 :J; 0.07 at a 
concentration of 25mcg/g as compared to 
0.96 i 0.035 in the control. Complete 
inhibition of transformation was observed at 
a concentration of 900 mcgg of charcoal 
faeces mixture. The LCjo and LC.j were 
found to be 54.95 _(-6.90 and 400.00 i 
49.10 mcg/g respectively. 
On the survival of infective larvae suspen-
ded in Ringer's solution, the effect of pyrantel 
pamoate was not apparent up to a concentra-
tion of 600 mcg/ml. A, 700 mcg/ml concen-
tration, however, reduced the percentage of 
surviving infective larvae by 20 per cent at the 
end of 24 h and the effect increased with the 
passage of time and the percentage of larvae 
surviving at the end of 48 h was reduced 
to 70 per cent. Further increase in the con-
centration of pyrantel pamoate produced 
concentration-related reduction in the survival 
time of infective larvae. At 1000 mcg/ml the 
survival was only 45 and 30 per cent follow-
ing 24 and 48 h contact witli the drug. The 
larvae showed initial contracture of the body 
with reduction in movements followed by 
paralysis. The paralysis induced was irrever-
sible as repeated washing with Ringer's 
solution and further incubation did not restore 
the motility. 
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Fig.—Effect of pyrantel pamoate on the development of Haemonchus 
contorttts eggs to infective larvae. The abscissa indicates log 
concentration of the drug per g of faeces charcoal mixture 
and ordinate the development score. 
Straight line shows the development score in control and 
the dotted indicates standard deviation. 
Discussion 
Inhibition of the development of larval 
stages of hook worm from eggs passed by the 
infected host has been shown by some anthel-
mintics. Thus mebendazole, thiabendazole 
and tetrachlorethylene cause lethal effects on 
the transformation of eggs to infective larvae. 
Such an effect is desirable in an anthelmintic 
to cut down the further sp-^ ead of infection to 
a new host. 
Pyrantel pamoate causes inhibition of 
transformation of eggs of H. contortus, a hook 
worm of sheep, to infective larvae at low 
concentration (LC,, and LC,o being 54.95 ± 
6.90 and 400.00±49.10mcg/g), respectively. 
However, the larvicidal effect observed on 
the infective larvae was evident at a relatively 
higher concentrations. This could be attri-
buted to greater susceptibility of pre-infective 
stage (1st or 2nd stage) larvae to the effect of 
the drug. Similar susceptibility has been 
observed for pre-infective larval stages follow-
ing expopre to ultra violet radiation (Gupta 
et. al., 1982). The higher susceptibility of 
pre-infective larvae may be due to the absence 
of the protective exterior shell or cuticle of 
thickness which is present in egg and infective 
larva (Veglia, 1915). 
The infective larvae exposed to the drug 
show initial contracture followed by irrever-
sible paralysis, exhibiting a similarity with the 
effect of pyrantel pamoate on mature worms. 
Contact of pyrantel pamoate with the whole 
worm or a muscle strip of Ascaris lumbricoides 
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causes cessation of spontaneous movements 
and contracture of the worm muscle leading 
to spastic paralysis (Aubrey el. al., 1970). 
Pyrantel pamoate besides eliminating 
hook worm from the infected host, helps in 
checking propagation of infection to the sus-
ceptible population by inhibiting the prepara-
sitic developmental stages. 
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ROLE OF NEMAGON IN THE CONTROL OF SOIL 
TRANSMITTED NEMATODES 
K,C, SiNOHAL AND P. RAI 
Department of Pharmacology, J. N. Medical College, 
A. M. U. Aligarh. 
Abstract 
Nemagon, widely applied to the soil to control a number of plant parasitic 
nematodes, was tested for its efficacy against development stages of Haemonchus 
eontorlus, a sheep hookworm, from egg to infective larvae, in soils of varying physico-
chemical compositions. Maximum efficacy of Nemagon was observed in red 
soil of Kanke (Bihar) followed by those of Imphal, Lucknow, Aligarh and Black cotton 
soil of Kota (Rajasthan) in decreasing order. The recovery rate of nemagon from 
different soils corresponded with its bioactivity. The differential efficacy of Nemagon in 
soils was possibly due to varying degree of adsorption by clay minerals was organic 
matter present in different soils. Concentrations in which Nemagon is generally applied 
to soils (0.8 to 1.0 ton/hectare) for plant pest control is sufficient to prevent the trans-
formation of 5% of Haemonchus eggs to infective larvae. 
Key Phrases 
Nemagon, Haemonchus contortus. Hook worm Nematocide, soil transmitted nematodes. 
Introduction 
Soil fumigation is widely used in modern 
agricultural practice to obtain high yield of 
crops. Considerable work has been done in 
the field of nematode and fungal disease con-
trol with the chloride and bromide containing 
fumigants (Taylor, 1951; Mintz and Palti, 
1954). Nemagon (l,2-dibromo-3-chloropro-
pane) is widely employed as a soil fumigant 
to combat the destructive action of plant 
parasitic nematodes and other soil organisms 
(McBeth and Bergcson, 1955;, Mukho-
padhyaya, 1970; Omidvar, 1972), 
Against the nematodes parasitic to man 
and live stock, the effect of nemagon has 
been reported on the survival of 3rd stage 
larvae of Ntcator americahus, Amylostoma 
duodenale and Ancylostoma canium (Mango, 
1971). However, no report is available on 
the effect of Nemagon on the developmental 
stages of these nematodes in soil. The 
present study was undertaken to study the 
effect of Nemagon on the development of 
sheep hook worm, Haemonchus contortus, from 
eggs to infective larvae, in soils obtamed from 
seven representative areas imder conditions of 
constant temperature and moisture. 
Materials and methods 
Soil samples (0-30 cm) were collected 
from the representative areas of Aligarh (soil 
type 1,11 and III) and Lucknow districts of 
Uttar Pradesh; Kota district of Rajasthan 
(Black cotton soil), Kanke district of Bihar 
(^ ted soil) and Imphal district of Manipur. 
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Soils were dried, ciiisl^an4,l>a9sed through 
4 mm sieve and were analysed for various 
physico-chemical properties (Chopra and 
Kanwar, 1976). 
Faeces of sheep, artificially mfected with 
H. contortus was collected in muslin bags 
attached to rams or withers, to avoid 
contamination with xirine. Eggs were counted 
by StoU's ova counting technique (1923) and 
faeces were mixed with different soils 
separately so as to contain approximately 
500 eggs/g of the mixture (Singhal, Rai and 
Ajmal, 1981). 
Nemagon was applied in varying concen-
trations (10 jLtg/g to 1 rag/g) to each 30 g of 
soil faeces mixture. The mixture was spread 
uniformly over petri dishes. A set of petri 
dishes without the addition of nemagon was 
kept as control. The petri dishes were incu-
bated in a B. O. D. incubator in dark at 
27'C for 7 days. On the 8th day, the infective 
larvae were harvested from the faeces soil 
mixture in Baermann's apparatus (Baermann, 
1917). The larvae were counted under a 
microscope and jjer cent development witJi 
reference to control was calculated. Estima-
tion of Nemagon was carried out in samples 
of faeces soil mixture af'er 1, 3 and 7 days 
of incubation by Volhard's silver thiocynate 
ferric alum method (Scott, 1939). 
Effiect of nemagon on the survival of infective 
larvae ofH. contortus. The infective larvae 
were separated from the pesticide free cultures 
iising Baermann's technique. The larvae 
were suspended in half strength Ringer's 
solution (4.5 g NaCI, 0.21 g KCl, 0.12 g 
CaCI, and 0.25 g NaHCO, per litre). Count 
of larvae per millilitre was made. Equal 
number of infective larvae (approximately 
2000) were placed in each • of the fourteen 
culture tubes. Nemagon was added in the 
concentrations of 10, 25, 50, 100, 200, 300, 
400, 500, 600, 700, 800, 900 and 1000 Mg/ml 
separately. A culture tube without the addi-
tion of Nemagon was kept as control. The 
culture tubes were incubated at 35 to 37»C in 
a B.O.D. incubator. Count of living and 
dead larvae was made after every 24 h for 
five consecutive days and the per cent survival 
in comparison to control was calculated. To 
ascertain whether nonmotile larvae were dead 
or paralysed, they were washed several times 
with half Ringers' solution and incubated at 
37*C for 6 h to allow recovery. The larvae 
were examined again under microscope for 
restoration of movements. 
Results 
The physico-chemical properties of soils 
are summarized in Table 1. Application of 
Nemagon to faeces soil mixture caused con-
centration related inhibition of transformation 
of H. contortus eggs to infective larvae (Fig. I). 
The efficacy of Nemagon was different in 
different soilsj The approximate LC„ concen-
tration of nemagon was 27 ^g/g in red, 
33 /xg/g in Imphal, 38 /xa/g in Lucknow, 
49 /ig/g in Aligarh II, 59 fig/g in Aligarh III, 
76 /ig/g in Aligarh I and 95 5 /ug/g in black 
cotton soils. 
The results of the recovery of Nemagon 
from different soils after 1, 3 and 7 days are 
summarised in Figure 2. The rate of recovery 
of nemagon was inversely related to drug 
concentration and duration of contact. The 
maximum recovery of Nemagon was obtained 
from red soil followed by those of Imphal, 
Lucknow, Aligarh II. Aligarh III, Aligarh I 
and black cotton soils in decreasing order. 
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1 —Inhibition of transformation of Haemonchus contortus 
egg to infective larvae in different soils by Nemagon. 
Nemagon caused concentration-related 
inhibition of the motility of the infective larvae 
_pf H. contortus suspended in half Ringers 
solution. The rate of inhibition also increased 
with the duration of exposure of the larvae to 
the drug. The approximate LC»o of nemagon 
at 24, 48,72, 96 and 120 h were 92, 65, 42, 
34 and 25 /itg/ml, respectively. 
The inhibition in motility led to the 
paralysis of a proportion of the larvae depen-
ding upon the concentration of the pesticide. 
The paralysis was irreversible and resulted in 
the death of the larvae as repeated washings 
with drug free solution could not restore the 
movements. 
Discussion 
The bioavailability and consequently the 
bioactivity of the sdil applied pesticides 
depend to a great extent upon its chemical 
nature and biodegradation and the extent and 
nature of absorption by clay minerals and 
organic matter. 
The adsorption and interaction of pesti-
cides on clays leads to physicochemical 
changes including nutrient availability and 
susceptibility to microbial degradation 
(Singhal and Singh, 1973). Several factor in-
cluding pH, electrical conductivity, amount 
and nature of clay minerals and organic 
matter content influence the extent of pesti-
cide adsorption (Edwards, 1966). pH plays 
an important role in the adsorption of 
Nemagon. Greater amount of the pesticide 
tends to get adsorbed by base saturated clays 
(Singhal and Singh, 1976). The movement 
of pesticides in soils by leaching seems to be 
of less importance for their bioavailability 
under normal environmental conditions but 
may become important in extreme cases 
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(Guth, Gerber and Schleepfer, 1977). Nema-
gon is degraded very slowly and high concen-
trations persist for long duration after appli-
cation (Foster and Cohoon, 1958). 
Maximam efficacy of Nemagon against 
development stages Q( H. contortus was ob-
served in red soil with highly acidic pH (6.4). 
"With an increase in pH the pesticide binding 
capacity of the soils increases and the bio-
availability and the efficacy against develop-
mental stages of hookworm in soil decreases. 
The lesser efficacy of Nemagon in Ahgarh III 
with pH 7.8 as compared to Lucknow and 
Aligarh II (pH 8.3 and 8.0, respectively) can 
be attributed to tts high clay content (29.3) 
and cation exchange capacity (12.55). Still 
lower efficacy of nemagon observed in Aligarh 
• I soil with minimum clay content (3%) results 
from its greater absorption due to high pH 
(9.2) and cation exchange capacity (16.35) of 
the soil. Minimum efficacy of Nemagon was 
o 
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Fig. 2—Recovery of Nemagon from different soils following 
incubation for 1, 3 and 7 days. 
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ob^ryed in black cotton soil, although its 
pH (7*4) is only higher than two soils namely 
led and Imphal. This may be attribnted to 
greater adsorption of the pesticide due to its 
highest clay content (44.8%) and cation ex-
change capacity (31.5). 
Nemagon is effective against the 3rd stage 
infective larvae of A. duodenalt and Jf. amen-
cams in-vitro, its LC|, andLC,, being 2.9 
and 8.0% respectively (Mango, 1971). Even 
lesser concentrations of Nemagon are required 
to kill the infective larvae of H. contortus. The 
LCM ranges from 92 /ig/ml (24 h) to 25 /xg/ 
ml (120 h) and the LC„ from 473.2 ^g/ml 
(24 h) to 138 ^g/ml (120 h). 
These observations assume significance 
from public health view point. For protec-
ting plants from the harmful effects of nema-
todes and fungi, Nemagon is generally applied 
to the soil in a concentration of 8.8 to 1 ton/ 
hectare (equivalent to 178-220 /^ g/g of soil) 
Gus'kova, Sveshnikova and Khryamna, 1974). 
This concentration is sufficient to prevent the 
transformation of 50% Haemonchus eggs to 
infective larvae in any of the soils used in the 
present study, as the concentration required 
varies from 26.92 /ig'g in red soil to 95.5 
f(g/g in black cotton soil. However, to inhibit 
the transformation to 90% a high concentra-
tion range of 213 /xg/g (red soil) to 691 /ig/g 
(black cotton soil) is needed. Such applica-
tions will serve the dual purpose of preventing 
plants from negiatode and fungal diseases and 
man and livestock from acqiuring soil trans-
mitted nematodes. 
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LETTER TO THE EDITOR 
CAN CARBOFURAN BE OF USE IN 'CHEMICAL CONTROL' OF HOOK WORM ? 
Sir, 
(Received on June 21. 1982) 
From amongst the pesticides deletering effect of nemagon has been shown on the 
survival of infective larvae of Necator amercainus; Ancylostoma doudenale. and Ancyclos-
toma caninum (8) and on the transformation from eggs to larvae and on the survival of 
infective larvae of Haemonchus contortus (11). However, no report is available of the 
effect of Carbofuran (2, 3-dihydro-2, 2-dimethyl-7-benzofuranyl methyl carbamate) on 
nematodes infesting man and livestock. 
The present investigation was designed to study the effect of this insecticide-
nematocide having excellent biological efficacy on wide variety of pests affecting crops 
(6). on the development of sheep hook worm, Haemonchus contortus. from egg to infec-
tive lan/ae in soils of different composition and on survival of larvae in liquid media. 
Soil samples (0-30 cm) were collected from representative areas of Aligarh (Soil 
type I, II, 111) and Lucknow district of Uttar Pradesh, Kota district of Rajasthan (Black 
cotton soil); Kanke district of Bihar (Red soil) and Imphal district of Manipur. Soils 
were dried, crushed and passed through 4 mm sieve and analysed for various physico-
chemical properties. 
The faece matter of sheep artificially infected with H. contortus was collected 
in muslin bags attached to rams or withers so as to avoid contamination with urine. Eggs 
were counted by Stoll's ova counting technique (12). The faeces were mixed with 
different soils separately and this mixture was adjusted such that it contained 500 eggs/g 
of the mixture. 
Carbofuran was applied in varying concentrations (10 to 1000 tiglg) to each 30 ^ 
of soil faeces mixture. The mixture was spread uniformaly over Petri dishes. A set of 
Petri dishes without the addition of carbofuran was kept as control. The Petri dishes 
were incubated in a B.O.D. incubator in dark at 27°C for 7 days. On the 8th day, the 
infective larvae were harvested from the soil faeces mixture in Baermann's apparatus (2). 
The larvae were counted under a microscope and the per cent transformation was cal-
culated. Each set of experiment was repeated ten times and mean concentration caus-
ing 50% (LDjo) and 90% (LDjo) transformation was calculated. 
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Results, summarized in Table I indicate that the clay ratio was directly proportional 
to the recovery of infective larvae. Other factors in soil exerted no significant influence 
on the development of eggs to infective larvae. Furthermore, carbofuran caused con-
centration-dependent inhibition of transformation of eggs to infective larvae m all the 
soils. The maximum efficacy was observed in Red soil followed by Imphal, Aiigarh 111, 
Aligarh II, Lucknow and Black cotton soils. It was least effective in Aiigarh I soil. In 
further experiments, the infective larvae separated from pesticide-free cultures (2) and 
larvae were suspended in half strength Ringer solution (NaCI 4.5 g. KCl 0.21 g. CaCl2 
0.1251 and NaHCos 0-25 p per litre). Countsof larvae per m/was made. Equal number 
of infective larvae (approximately 2000) suspended in 4 m/ of half strength Ringer's solution 
were placed in each of the fourteen culture tubes. Carbofuran was added in the 
concentration range of 10-1000 uglml. One culture tube was without the addition 
of carbofuran (control). The culture tubes were incubated at 27°C in a B.O.D. incubator. 
Count of motile surviving larvae was done after every 24 hr for five consecutive days 
and per cent survival was calculated. Each set of experiment was repeated ten times 
and mean concentrat'on inhibiting 5C% (LDjo) and 90% (LDjo) transformation was 
calculated (9). Addition of carbofuran reduced the survival time of infective larvae 
suspended in Ringer's solution. The effect was related to the concentration of the 
pesticide and duration of exposure. Larvae which survived, showed reduction in motility. 
The concentration of carbofuran required to kill 50 per cent of the infective larvae (LDg,) 
was 109.6, 86. 60.3. 46.9. and 34.7 ng/iril at 24, 48. 72, 96 and 120 hr respectively. 
However, much higher concentration of carbofuran in solution was required to kill 80 per 
cent of the larvae; LD90 being 588-8, 467.7, 331, 251.2 and 186-2 ng/m/ at 24, 48. 72, 
96 and 120 hr respectively. Those larvae which survived showed reduction in motility 
of varying degree. 
TABLE I 
So/f type 
Transformation of eggs of H. contortus into larvae in soils with different characterstics and 
concentrations of Carbofuran required for 50%. (ECSQ) and 90% (EC90) inhibition. 
C/ay rat/0 pH 
9 2 
8 0 
8.3 
6.4 
6.7 
7.8 
7 4 
% eggs 
transformed 
into larvae 
91 
87 5 
85 
82 
78 
75 5 
53 
Carbofuran 
ECio 
100 
57 54 
70 79 
23 99 
32.35 
44.67 
83.18 
£Cgo 
512 9 
295 1 • 
371 5 
120 2 
166 
223 9 
426.6 
Aiigarh type I 
Aiigarh type II 
Lucknow 
Red 
Manipur 
Aiigarh type III 
Black cotton 
32 3 
8 7 
7.33 
4 3 
3 31 
2.4 
1.2 
IZi 
volume 27 Letter to the Editor 67 
Number 1 
Amongst other factors, degradation of carbofuran is largely influenced by hydro-
gen ion concentration (1). In general, carbofuran is stable at acidic pH and is degraded 
with relative case in alkaline pH. The ajljustment of pH at a higher level in the same 
soil appreciably increases the degradation of carbofuran (4, 7). The relative low activity 
of carbofuran in black cotton soil as compared to other soils which is apparently unrelated 
to the pH, indicates that the pesticide, besides being degraded can also be adsorbed 
resulting in its reduced bioavailability. This is expected because of highest clay content 
(Table I) and cation exchange capacity (31.5 meg/loos') of the black cotton soil. 
Carbofuran is generally applied to the soil in a concentration of 40 ppm (3). This 
concentration is sufficient to inhibit transformation of Haemonchus eggs to infective 
larvae in Red. Imphal and Aligarh 111 soils and kill preformed infective larvae within 120 hr. -
Carbofuram is finding increasing use in the control of plant parasitic insects and 
nematodes (5, 10) and the evidence presented in the present study indicate its probable 
efficacy in limiting propagation of hook worm disease. It wi l l be of interest to evaluate 
the impact of this drug on the incidence of hook worm infestation. 
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Effect of Metasystox on the development of Haemonchus contortus eggs to 
infective larvae in different soils 
K. C SINGHAL. P. RAI and M. AJMAL 
Department of Pharmacology, J. N. Medical College, A.M.V. Aligarh 
INTRODUCTION 
ONLY a small number of organo-
phospborus compounds which were 
originally developed as insecticides 
have so far proved of possible value 
as anthelmintics. Systemic toxicity 
and even sometimes total outcome 
of the treatment precludes the use 
of these drugs in domestic live-
stock. However, organophosphorus 
systemic insecticides are being 
widely used for plant pest control. 
These pesticides when applied by 
spraying or dusting percolates to 
the soil. Also they are ap{died so 
as to drench the roots. Such appli-
cation may have its effect on soil 
transmitted nematodes. The infor-
mation pertaining to the effect of 
insecticides is not available in the 
world literature. 
In the present study the effect of 
metasystox was studied on the 
development of Haemonchus con-
tortus eggs to infective larvae in 
different soils and also on the sur-
vival of infective larvae. 
MATERIALS AND METHODS 
Soil samples (0-30 cm) were 
collected from the representative 
areas of Aligarh district (Aligarh 
Soil Type L II and HI). Kota dis-
trict of Rajasthan (Black cotton 
soil), Luclmow district of Uttar 
Pradesh. Kanke district of Bihar 
(Red soil), and Imphal district of 
Manipur. Soils were dried, pulve-
rised and passed through 4 mm 
sieve and were analysed for various 
physico-chemical i^operties. Mecha-
nical analysis was done by Inter-
national Pipette Method using 
sodium oxalate as the dispersing 
agent (Chopra & Kanwar. 1976). 
The pH was measured in 1:5 soil 
water suspension by Beckman pH 
meter using glass and saturated 
calomel electrode assembly. Elec-
trical conductivity was measured 
with Toshniwal Conductivity Meter 
in the 1:5 soil water suspension. 
Osmotic pressure was calculated 
from the conductivity measure-
ments. Cation exchange capacity 
was determined by the method of 
Ganguly (1951). Calcium carbonate 
was determined by Piper's rapid 
titration method (1942). Organic 
matter was estimated by Walkley 
and Black's method (1947). 
Faeces of sheep (experimentally 
infected) with Haemonchus contor 
tus was collected in muslin bags 
attached to rams or withers to 
avoid contamination with urine. 
Eggs were counted by the StoU ova 
counting technique (1923). The 
faeces was mixed with different soil 
samples separately so as to contain 
approximately 5(X) eggs/g of the 
mixture. To each 30 g of the mix-
ture Metasystox was added in diffe-
rent concentrations (10 ju,g/g to 
1000 /ig/g). The mixture was 
spread uniformly over petri dishes. 
A set of petri dishes without the 
addition of drug was kept as con-
trol. The petri dishes were incu-
bated in dark at 27°C in B.O.D. 
incubator for 7 days. On 8th day, 
the infective larvae were harvested 
from the faeces soil mixture by the 
Baermann's technique (Baermann. 
1917). The larvae were counted 
imder a microscope and percent 
development as compared to con-
trol was calculated. 
The infective larvae were sepa-
rated from the drug free cultures 
using Baermaim technique. The 
larvae were suspended in Half Rin-
ger's solution. A count of larvae 
per millilitre was made. Equal num-
ber of infective larvae (approxi-
mately 2000) were placed in four-
teen culture tubes. Metasystox was 
added in the following concentra-
tions — 10. 25. 50, 100, 200, 300, 
400. 500, 600, 700, 800, 900 and 
1000 /xg/ml. A culture tube with-
out the insecticide was kept as 
control. The culture tubes were 
incubated at 35 to 37''C in a B.O.D. 
incubator. A count of living and 
dead larvae was made after every 
24 hours for five consecutive days 
and the percent survival in compa-
rison to control was calculated. 
To test the motility, larvae were 
washed several times with Half 
Ringer's solution and incubated at 
35 to37°C for 24 hours to allow 
recovery. The larvae were then 
examined again under microscope 
for any restoration of movements. 
RESULTS AND DISCUSSION 
Haemonchus controtus, the hook 
worm of sheep completes its life 
cycle partiy in soil. The eggs are 
discharged in faeces by the infect-
ed sheep which develop to infec-
tive larvae in soil. These larvae 
develop further to adult stage in 
the abomasum of sheep (Lapage, 
1956). The proportion of eggs trans-
formed to infective larvae in soil 
determine the incidence and inten-
sity of infection in grabing animals. 
A parallel can be drawn with 
other soil transmitted nematodes 
of hiunan and livestock which have 
similar stages of development in 
soil. 
The soils differ in their physio-
chemical properties (Table 1) and 
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TABLE 1 — PHYSICO-CHEMK 
Physico-chemical 
Properties 
Mechanical Composition 
Sand 
Silt 
Clay 
Clay ratio 
PH 
Electrical conductivity 
(mhos/cm) 
Osmotic Pressure (atms) 
Cation Exchange Capacity 
(meq./lOO g soil) 
Organic Matter 
Calcium Carbonate 
Morphological Properties 
Colour 
Aligarh 
Soil 
Type 1 
(University 
area) 
(U.P.) 
33.6-;,, 
63.4?,', 
3.0% 
32.3 
9.2 
4.5 X 10-* 
0.81 
16.35 
0 49% 
8.16",, 
Yellowish 
Grey 
Texture Silt Loam 
2AL CHARACTERISTICS 
Aligarh 
Soil 
Type II 
Village Lodha 
(U.P.) 
3';.7 •,'.', 
30.0% 
IC.3% 
8.7 
8 0 
5.98 X 10- ' 
1.076 
9.45 
0.06% 
4.88";, 
Darkish 
Grey 
Loam 
Lucknow 
Soil 
(U.P) 
35.0% 
53.0% 
12.0% 
7.33 
8 3 
4 55 X 10-
V608 
1.00 
0 75",, 
5.75" ,^ 
Dark 
Grey 
Loam 
AND SOUR 
Red Soil 
of Kanke 
(Bihar) 
32 2% 
48.1% 
18.3% 
4.3 
6.4 
3.9 X 10-" 
0 702 
6.5 
0.41!;,; 
IVfil 
Red 
Loam 
CES OF SOI 
Iniphal 
Soil 
(Manipur) 
28.6% 
48 2% 
23.2% 
331 
6.7 
4.35 X 10- ' 
0.582 
11.4 
L32% 
0.8% 
Yellowish 
Grey 
Lcam 
LS USED IN 
Aligarh 
Soil 
Type III 
Village 
Datawali 
(U.P.) 
18.6 % 
51.9% 
29 3",, 
2.4 
7.8 
6.^ 16 X 10- ' 
0.622 
12 55 
0.14% 
4.01",; 
Light 
Yellow 
THE STUDY 
Black Cotton 
Soil of Kota 
(Rajasthan) 
^A% 
47.0% 
44.8% 
12 
7.4 
5,1 < 10- ' 
0,918 
31.5 
0.56';,, 
1.0% 
Dark 
Grey 
Loam Silt Clay Loam 
thus qualitatively in providing suit-
able environment for the transfor-
mation of Haemonchus eggs to in-
fective larvae. These factors, be-
sides temperature and moisture 
(Dinaburg, 1944, Silverman & 
Campbell, 1959, Waller & Donald, 
197C). which have been kept cons-
tant in the present series of experi-
ments include soil structure, aera-
tion, pH, salinity and mineral con 
tent (Augustine & Smillie, 1926, 
Stockli. 1552, Nadakal, 1966). The 
texture of the soil is determined 
by the relative quantities of parti-
cles of different dimensions that is 
the percentage of sand, silt and 
clay. These in turn determine the 
pore size and influence aeration of 
the soil. Movement of the larvae 
in soil is influenced by the rela-
tionship of nematode dimension to 
pore size (Wallace 1968}. The soils 
having low clay content contain 
larger pore size and consequently 
provide facility for the free move-
ment of the larvae. In the present 
series of experiments the recovery 
of infective larvae following seed-
ing of the soils with equal numbers 
of Haemonchus eggs was indirectly 
proportional to the clay content and 
directly proportional to the clay 
22 
ratio (Patel 1954). Thus maximum 
transformation of Haemonchus eggs 
to infective larvae occurred in Ali-
earh soil I followed by Aligarh II. 
Lucknow, Red soil, Imphal soil, 
Aligarh II and Black cotton soil in 
decreasing order (Fig. 1). 
n«cxNi oevuorHCHT 
„ M * •• • O 
o o o o e o 
AIICAMMILH 
•CO $011. (tJMM) 
mPHM. MitfmM»w») 
K16*»H SOIL IS 
•LACK COTTON SOIL 
Fig. 1. 
Transformation of "H. contortus" 
eggs to infective larvae in different 
soils. 
Although pH 6.6 has been ob-
served to be ideal for the develop-
ment of Haemonchus eggs to 3rd 
stage larvae (S'chulz 1967). the 
pH range of 6.4—9.2 provided by 
these soils does not seem to out 
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weigh the influence of porosity 
when temperature and moisture are 
kept constant. Further, nematodes 
are capable of withstanding wide 
variations in environmental osmotic 
pressure (Stephenson, 1942) and 
the range of C.582 atms to 1.076 
atms provided by the soils included 
in the present study do not seem 
to affect the survival of larval 
stages to any significant extent. 
The same is also true for soil con-
tent of exchangeable cations. 
Addition of Metasystox to faeces 
soil mixture caused concentration 
dependent inhibition of develop-
ment of eggs to 3rd stage larvae. 
Metasystox was most effective in 
Black cotton soil followed by Ali-
garh I, Aligarh III, Lucknow, Red, 
Aligarh II and Imphal soils in de-
creasing order (Fig. 2). The efficacy 
of Metasystox in inhibiting trans-
formation of Haemonchus contor-
tus eggs to infective larvae was not 
related to conditions favouring the 
transformation such as the clay 
content or clay ratio of the soil. 
Insecticides tend to degrade more 
rapidly due to the presence of orga-
nic matter and bacteria in the soil 
(Getzin & Rosefield 1968). The 
lANUARY 1983 
soils included in the study were 
nonsterile and had varied concen-
trations of organic matter present 
in them. Thus the minimum effect 
of Metasystox was observed in 
LOG CONUNTfUTIOM' 
Fig. 2. 
Effect of different concentrations of 
Metasystox in faeces soil mixture 
on the transformation of "H. con-
tortus" eiigs to infective larvae. 
Imphal soil which seems to inacti-
vate or degrade the drug faster. 
The high content of organic matter 
in Imphal soil provides a favour-
able environment for the growth of 
microorganisms. Metasystox gets 
incorporated into the soil organic 
moieties via microbial assimilation. 
However this does not account for 
the degradation of major concen-
tration of Metasystox in soil 
(Houseworth & Tweedy 1974). Fur-
ther, the maximum effect was not 
observed in Aligarh II soil with 
minimum organic matter. Thus it is 
difficult to assign one single factor 
the responsibility of decreasing or 
increasing the efficiency when the 
media are soils with varying com-
positions. 
In general Metasystox was more 
effective in inhibiting the develop-
ment of Haemonchus eggs to in-
fective larvae in silt loam and silt 
clay loam soils. In loamy soils 
higher concentration of pesticide 
was required to check the propaga-
tion of nematode population. This 
observation is of great practical 
significance from public health view 
point. It is possible to correlate 
and predict with some degree of 
accuracy the incidence of hook-
JANUARY 1983 
worm infestation m a section of 
population by studying the physico-
chemical properties of the soil of 
the region and habits such as use 
of open fields for defaecation pre-
vailing in the society. Further, at-
tempts 'may be made to check the 
hook-worm infestation by simulta-
neously treating the individuals and 
killing the larval stages in the soil 
by the use of Metasystox. 
Metasystox is more effective 
against 1st and 2nd stage larvae 
as compared to the 3rd stage or the 
infective larvae is evident by the 
fact that 3rd stage larvae suspended 
in Half Ringer's solution required 
higher concentration of drug to kill 
them as compared to that required 
in faeces charcoal mixture (Fig 3). 
'rv» 
• 
IOC CONCCNTUTION-«^/«|{ 
Fig. 3. 
Effect of different concentrations of 
Metasystox on the survival of in-
fective larvae of H. contortus. 
For example a concentration of 
5^Mg/g caused 60% inhibition of 
transformation of eggs to infective 
larvae in faeces charcoal mixture, 
while in Ringer's solution this con-
centration of Metasystox killed 
only about 2C'% of the larvae at 
24 hrs.. 25% at 48 hours and 32% 
at 72 hours interval. 
Addition of Metasystox caused 
concentration related inhibition of 
motility of infective larvae of Hae-
monchus controtus. The inhibition 
in activity resulted in the paralysis 
of the worms. The paralysis was 
irreversible and lead to the death 
of worm as repeated washings with 
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the drug free solution could not 
restore the movements. 
SUMMARY 
Eggs of Haemonchus controlux 
obtained from artificially infected 
sheep were incubated with different 
soils in a B.O.D. incubator at 27°C 
for 7 days. The maximum trans-
formation of eggs to infective lar-
vae occurred in Aligrah soil 1 
followed by Aligrah soil II, Luck-
now soil. Red soil of Bihar, Imphal 
soil of Manipur, Aligarh soil III 
and Black cotton soil of Rajasthan. 
Addition of Metasystox to soil 
faeces culture caused concentration 
dependent inhibition of transforma-
tion of H. controtus eggs to infec-
tive larvae. Metasystox was most 
effective in Black cotton soil 
(Rajasthan) followed by Aligarh 
soil I, Aligarh soil III, Lucknow 
soil. Red soil of Bihar, Aligarh soil 
II and Imphal soil of Manipur/Cn 
the infective larvae suspended in 
Half Ringer's solution Metasystox 
caused reduction in motility result-
ing in irreversible paralysis and 
death of the larvae. 
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Influence of particle size and other physico-chemical properties of the soils 
on the adsorption of carbofuran 
K. C SINGHAL', SADIQA K. QUADRF, R. p. VARSHNEY' 
KARUNA SAINr AND SUDHA VARSHNEY 
ABSTRACT 
Soil samples cdlecteu from representative areas of Kota district of 
Rajasthan (silt clay loam), Manipur (loam I), Ramanpur (Sandy loam I), 
Bihar (loam 11) and Aligarh (sandy loam II) were analysed for their 
physico-chemical properties sieved to provide fractions according to 
particle size (600 a — 75 ti). The fraction of soils were mixed with 
carbofuran in a concentration of 50 fi/g. It was observed that 
recovery after I, 7 and 14 days was directly proportional to the 
particle size and inversely proportional to the duration of contact. 
However, the recovery was not proportional to the oragnic matter 
content of the soils. Thus the recovery of carbofuran was maximum 
in 600 followed bv 425, 300, 212 and 75 « fractions. This indicates 
that particle size is more important determinant of adsorbing capacity 
of soils within limits. 
INTRODUCTION 
PESTICIDES are widely used in 
ceptiMlity to microbial degrada-
tion in soils. 
Carbofuran (2. 3 dihydro-dime-
modem agricultural practice for ^^ ^^ ^ J- b^n^.ofuranyl methyl car 
controlling plant pests and to in 
crease the yield of farmland. 
Various aspects related to the 
physical, chemical and biological 
changes brought about by pesti-
cides have been considered bv 
Outh. Gerber and Schlaepfer 
(1977\ Bailey and White (1970) 
and Felsot and Wilson (1980). 
The adsorption and interaction 
of pesticides is one of the most 
significant processes influ3ncinp 
their persistence, movpment and 
efficacy in soils. The phenomenon 
leads to physico-chemical changes 
rSinghal and Singh. 1973) includ-
ing nutrient availability and sus-
bamate) has excellent biological 
efficacy on wide variety of pests 
affecting crops (Klassen and 
Kadoum. 1979) and also inhibits 
the development of sheep hook 
worm. Haemonchus contortus 
from the eags to infective larvae 
is widelv pmnlov^d as an insecti-
cide-nematicide fSinshal and Rai. 
19R3). 
The bioavailahilitv and conse-
nuent bioactivitv of carbofuran 
depends considerably on its avail-
ability in free from in soil. Several 
factors in soil matrix operate 
simultaneonsly to determine its 
bioavailabiliU' including pH, orga-
nic matter and narticle sire. The 
Department of Pharmacology, present study was undertaken to 
r.N. Medical College. Aligarh assess the influence of particle 
size on the bioavailability of car-
bofuran. 
Migarh-Muslim University, 
202 001. 
1. Reader. Department of Phar 
macology 
2. Research Associate 
3. Senior, Research Fellow 
4. Tunior Research Fellow 
5. Junior Research Fellow 
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MATERIALS AND METHODS 
Soil samples were collected from 
the representative areas of Kota 
district of Rajasthan (Black cotton 
soil — Silt clay loam), Imphal dis-
trict of Manipur (Lcam I), Raman-
pur soil (Sandy loam 1), Kanke 
district of Bihar (Red soil — loam 
II) and Aligarh district of Uttar 
Pradesh (Sewage soil — Sandj 
loam II). Soils were dried, crushed 
and seived (600 u — 75 u). The 
fractions identified en the basis of 
particle size were analysed for 
various physico-chemical proper-
ties and bioavailability of carbo-
furan. 
The P H . electric'il conductivity 
and oxidation reduction potential 
were measured in 1:5 soil-water 
suspension by u^ine CENTTURY 
CK-104 instrument Osmotic pres-
sure was calculated from the con-
ductivity measurements. Organic 
matter was estimated bv the me-
thod described bv Walkley and 
Black (1947). 
Five gram each from the samp-
les of soil fractions were placed 
in screw cap elass bottles. Carbo-
furan (50 ug/g"* was mixed with 
soil in each bottle. ^ set of glass 
bottles containin" soil without the 
addition of carbofurnn was kcot to 
serve as control. The tubes were 
kept at room temperature 
(25-30°C.). 
Three tubes from each FCt were 
taken on 1, 7 and 14 days. Con-
tents were transferred separately 
to centrifuge tubes. Distilled water 
was added to make the volume to 
25 ml. The tubes were centrifuged 
and carbofuran was estimated in 
the supernatant bv the method 
described by Mithyantha and 
Perur (1974).' 
RESULTS AND DISCUSSION 
The physico-chemicjl proper-
ties of soil fractions obtained from 
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TABLE 1 — PHYSICO-CHEMICAL CHARACTERISTIC OF SOILS 
No. Fractions of soils 
1. Silt clay loam 
2. Loam I 
3. Sandy loam I 
4. Loam 11 
"5. Sandv Loam 11 
(a) 
6no 
125 
300 
212 
75 
425 
300 
212 
75 
600 
4->5 
300 
212 
75 
600 
4^5 
300 
212 
75 
600 
425 
300 
212 
7S 
p H 
8.25 
8.21 
8.21 
8.23 
8.25 
7.30 
7.56 
7.77 
7.98 
7.92 
8.04 
8.08 
8.09 
8.10 
5.50 
7.31 
7.66 
7.79 
7.80 
7.59 
7.6 
7.62 
7.69 
7.64 
Organic 
matter 
(%) 
1.706 
1.396 
1.706 
1.551 
1.870 
1.552 
1.552 
1.396 
1.396 
0.776 
1.086 
1.086 
0.0621 
0.931 
1.55 
0.310 
0.310 
0.465 
0.620 
3.879 
4.127 
4.^^ 
2.208 
2.210 
Oxidation 
reduction 
potential 
<m volt) 
178 
167 
176 
}7f, 
171 
736 
no 
234 
?39 
288 
757 
•^5H 
254 
743 
252 
249 
746 
755 
265 
281 
784 
272 
768 
766 
Specific 
conductivity 
(mhos/cm) 
0.34 
G.35 
0.35 
0.30 
0.43 
0.33 
0.30 
0.30 
0.37 
0 3 3 
0.31 
0 30 
0.24 
0 ^ 7 
0.12 
0.09 
0.09 
0.09 
0.13 
0.94 
0.96 
1.06 
0.79 
1.32 
Osmotic 
pressure 
(atms) 
0.204 
0176 
0.126 
0.108 
0.154 
0.119 
0 108 
0 108 
0.133 
0.198 
0.112 
0.108 
0.086 
0.115 
0.043 
0 032 
0 032 
0.032 
0.046 
0.338 
0.345 
0.381 
0 344 
0.475 
<:ilt clav loam. Loam T. Sandy 
loam L loam 11 and sandy Loam 
TI are summarised in Table 1. The 
variation in pH of different frac-
tions of soils were within narrow 
range. All the soil fractions were 
nU aline except those obtained 
from loam IT 6^00 a") where the 
nH of different fractions ranged 
from 5.5 to 7.8. The organic 
matter content of sandv loam TT 
was highest and ranged from 2.2 
fo 4.2 in different fractions. Low 
organic matter content He s^ than 
1 per cent") was obser\'ed in 3 of 
the 5 fractions of .sandv loam T 
and 4 of the 5 fractions of loam IT 
The organic matter content varied 
widely in the fractions of loam TT 
nnd sandy loam IT. In other ^oils 
the variation although present 
were not large (Table 1). The or-
ganic matter is one single import-
ant determinant of adsorption of 
pesticides in soils irrespective of 
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the nature of adsorption (Khan, 
1978). 
The properties of carbofuran 
recovered from different soil frac-
tions after 1. 7 and 14 davs of 
application are presented in Fig. 1. 
Recovery of carbofuran in the 
leachate were maximum in frac-
tions of .sandy loam T followed by 
silt clay loam, loam T. sandv loam 
TT and loam IT soils in decreasing 
order. 
Hydrogen ion concentration 
niays an important role in deter-
mination of bioavailability of car-
bofuran. The pesticide is more 
stable in acidic pH. with the in-
crease in pH the degradation in-
creases proportionately CGetzin. 
1973: Kuhr and Dorough, 1977). 
Tn alkaline pH the half life of car-
bofuran has been shown to be 
nearly 4 weeks. In the present 
«tudy the estimation of carbofuran 
from leachate obtained from dif-
ferent fractions of soils was done 
on 1, 7 and 14 days after applica-
tion. Higher concentration of pes-
ticide present in soil fraction with 
acidic pH (Loam TI, 600 /x. pH 
5.5) is in confirmitv with above 
observaCons. 
However, the loss in effective-
ness of carbofuran in alkaline soil 
fractions does not necessarily im-
ply that more carbofuran was de-
graded, it may reflect an increase 
in the soil by way of binding with 
soil colloids or adsorption. 
Several environmental factors 
including evaporation, photo-de-
gfadation, thermodegradation 
operate simultaneously and deter-
mine the extent of loss of pesti-
cide (Bailey and White, 1964). In 
the present controlled experiment-
al conditions it is unlikelv that 
significant amount of carbofuran 
will be lost by any of the above 
environmental influences. 
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The bioactivity of a pesticide in 
soil within normal limits relates to 
the leachable amount present. 
Leacheable quantities of the pes-
ticides have been used as an indi-
ces of their bioactivity. In the 
present study the rate of recovery 
of carbofuran was in general pro-
portional to the size of soil parti-
cles and inversely proportional to 
the duration of contact. Thus it 
was maximum in 600 u fraction 
minimum in less than 75 p. frac-
tion. 
The bioavailability of pesticides 
is largely determined by particle 
size and organic matter content 
(Bailey and White. 1964). Smaller 
size of soil particles and high 
organic matter increase the adsor-
ption thereby reducing the bio-
availability. In sandy loam IT the 
recovery of carbofuran was lower 
as compared to all the soils ex-
cept loam II. This could result 
from high organic content of soil 
fractions ranging from 2.2 to 4.2 
per cent. However.- the recovery 
was not proportional to the orga-
nic matter content but was direct-
ly proportional to the particle size 
indicating that particle size is 
more important determinant of 
adsorbing capacity of soil within 
limits. 
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ROLE OF FERTILIZERS IN THE CONIROL OF HAEMONCHUS COXTORTUS 
EGGS TO INFECTIVE LARVAE IN THE CHARCOAL AND DIFFERENT SOILS 
Rashmi Agarwal, K. G. Singhal and K. G. Varshncy* 
Department of Pharmacology, J. JV Medical College, A. M. U., Aligarh 
Summary 
'-'oils as tbev occur iii fields may include in them varyiag concentration of insecticides, 
pesticides, fertilizers and organic matter etc. which are further likely to influence the population of 
patUogens in soils. OiSerent nitrogenous, pho^phatic and potaisic fertilizers to be added are found 
to inhibit the iransforma'ion of Haimonchus eontortiu eggs to infective larvae. The efficacy of fertilizers 
differed with the soil type. NPK. (15: 15: 75; and potassium nitrate %vere found to be most effective 
followed by ammonium nitratci urea, ammonium phosphate, ammonium sulphate, potassium 
sulphate, potassium chloride and ammonium chloride in decreasing order of potency. 
Introduction 
The practice of applying chemicals to cultivated land to maintain or improve the 
quality of crops and limit the harmful effects of invading parasites is finding increasing use 
in intensive agricultural programmes. There is usually a dramatic improvement in both 
quality and quantity of plant growth when appropriate fertilizers are added. 
Present study was designel to observe the effect of some chemicals including those 
used as fertilizers on the developmental stages of sheep stomach worm Haemonchus contortus 
in charcoal and different soils. 
Materials and Methods 
Faeces of sheep experimentally infected with H. contortus was collected in muslin bags attached 
to rams or withers so as to avoid contamination with urine. Eggs were counted by StoU's 
(1923) technique. Faecal pellets were pulverized and the resulting mass was thoroughly 
mixed. This ensures fair chance to each egg to develop to larval stage. Faeces was then 
mixed with the granular charcoal and the mixture was so adjusted that it contained 500 
eggs/g. The mixture was then spread in petridishes. Different fertilizers were tested for 
their ability to inhibit transformation of H. contortus eggs to infective larvae. The chemicab 
were mixed with facccs-charcoal/soil mixture in concentrations ranging from 10* fig to 10* 
Mg pc ' g' Plates were incubated in a B. O D. incubator in dark at 27''G. On 8th day 
of incubation, 3rd stage larvae were harvested from each dish in Baermann's (1917} apparatus 
and per cent transformation of eggs to 3rd stage larvae calculated. Each concentration was 
* Chemistry Section, Z. H. College of Engineering & Technology, A.M. U., Aligarh.202f 02. 
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tested 10 times and the mean per cent transformation as compared to control and 50 and 
90 per cent lethal concentrations were calculated. 
Results 
The effect of nine commonly used fertilizers was studied on the transformation of eggs 
of H. cmtortus to infective larvae in faeces charcoal culture. They produced concentration 
relatcdinhibitionof transformation of eggs to infective larva*-. NPK and potassium nitrate 
were found to be most effective followed by ammonium nitrate, urea, ammonium phosphate, 
ammonium sulphate, potassium sulphate, potassium chloride and ammonium chloride in 
decreasing order of potency (Table 1). 
Table 1: Fifty and ninety percent lethal concentration of fertilizers [mgig) on the transformation 
of H. contortus eggs to infective larvae in faeces'charcoal culture 
Types of fertilizer LC„ LC,, 
NPK 0.43 1.74 
Potasrium nitrate 0.45 1.78 
Ammonium nitrate 1.00 3.60 
Urea 1.53 4.47 
Ammonium phosphate 1.59 4.27 
Ammonium tulphate 2.50 10.00 
Potaasium sulphate 2.80 15.90 
Pouisium chloride 5.89 22.40 
Ammonium chloride 6.30 4 <. 70 
These fertilizers also produced concentration related inhibition of transfornution of 
eggs to infective larvae in faeces-soil mixture. The efficacy of fertilizers differed with the 
soil type. The LGJQ (lethal concentration) and LC^ of fertilizers in inhibiting transformation 
of H, Contortus eggs to infective larvae are given in Table 2 and physical properties of different 
type of soik in Table 3. 
Discussion 
Inorganic substances play a significant role in the physiology oi parasites and their 
importance especially to gastrointestinal parasites was also demonstrated by the influence of 
mineral deficiencies in the host's diet (Von Brand, 1966). 
A complete fertilizer NPK, which includes nitrogen, phosphorus and potassium in 
appropriate proportions has been successfully used for increasing soil fertility. Different 
nitrogenous, phosphatic and patassic fertilizers to be added are found to inhibit the transfer-
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Table 2 : Fifty and nintty percent lethal concentration of fertilizers (mglg) on tkt transformation 
ofH. cotttortus eggs to irtfeetive larvae in faeces-soil culture 
SoU type 
NPK Ammonium lulphate 
LCM LC.. LG.. LG,. 
Ammonium phosphate Potassium nitrate 
LC» LG., LC.. LG., 
Sandy loion I 
Sandy loam II 
Loam 
Sand 
2.68 
l.OO 
0.719 
6.11 
31.62 
2.68 
1.93 
— 
26.83 
2.68 
10.00 
31.62 
71.95 
— 
— 
— 
1.00 
1.93 
2.68 
6.11 
71.95 
50.12 
71.96 
— 
1.93 
2.68 
1.39 
13.90 
10.00 
26.83 
3.73 
— 
Table 3» Physical properties of different mils 
Soil type Giay ratio Porosity (%) 
Sand 
Loam 
Sandy loam I 
Sandy loam II 
26.8 
2.73 
9 
5.67 
84.4 
80 
53 
56 
mation of H. eontortus eggs to infective larvae. Tlie efficacy of potassium was high in 
combination with phosphorus and nitrogen and as nitrate. The other salts of potassium Le., 
sulphate and chloride were less eSective than both inorganic and organic nitrogenous fertili-
zers. The inorganic nitrogenous compound ammonium chloride was, however, found to be 
least effective in inhibiting development of H. eontortus eggs. 
Laan Vaader (1956) investigated the influence of organic manuring on the develop-
ment o£ H. rostochiensis. He found that larvae in the roots of potatoes treated with organic 
manure developed significantly more slowly than in other plants and suggested that this was 
due to physiological changes in the plant resulting in slight resistance. In the present series 
of experiments, urea was found to inhibit transformition of H. eontortus eggs to infective 
larvae. It can be argued that the slower development o£H. eontortus larvae in potato plants 
treated with organic manuring as observed by Laan Vandcr {loc. clt.) resulted not only due to 
better nutritional status in the plants but also due to the direct effect of fertilizer on the 
larvae. 
Potassium nutrition is of considerable importance in determining the development 
timeofroot knot nematodes (Oteifa, 1953). Wallace (1937) observed stimulatory eifect of 
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some organic lubstances on cysts of the beet eelworm, Heterodera schachtii Schmidt. 
The effect of inorganic and organic fertilizers tias been studied on some plant parasitic 
nematodes. Their ability to kill or limit the population of such parasites presempted the 
present investigators to undertake the present study with a view to observe the effect of 
fertilizers on the transformation of eggs of H. contortus to larval stage. 
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A POSSIBLE ROLE OF CAESIUM RADIATIONS IN THE CONTROL OF 
PROPAGATION OF HOOKWORM 
Rashmi Agarwal, Singhal KC, Bhargava SK and Abha Attri 
Electromagnetic and ultraviolet 
radiations have long been known 
for their lethal and mutagenic 
action on biological systems inclu-
ding helminthic ova and larvae. 
Radium and X-rays both have been 
shown to produce lethal effect on 
Tricho t^pongylus spiralis.' The use 
of ionising radiation has proved 
useful for studying the develop-
mental stages of helminth parasi-
tes with a view to endue suitable 
vaccines. A dosage of 20,000 r 
and above will inten-upt the life 
cycle of Heterodera rostochiensis.= 
Myers and Dropkin' reported on 
the use of Cobalt-60 as a source 
of irradiation for nematode control. 
Of the 11 species tested, reproduc-
tion in only 1 was stopped by a 
dose of 40,000 r while doses above 
160,000 r were necessary for com-
plete stopping of reproduction in 6 
other species. 
No report is available on the 
effect of caesium radiations on 
helminths. The present study was 
designed to study the effect of 
caesium exposure on the transfor-
mation of hookworm eggs to infec-
tive larvae. 
Materials and Methods 
Faeces of sheep experimentally 
infected with Haemonchus contor-
tus were collected in muslin bags 
attachtd to rams or withers to 
avoid contamination with urine. 
Faeces was mixed with granular 
charcoal in a proportion so as to 
contain 500 eggs/g of faeces. The 
mixture wsis spread uniformaly in 
glass petri dishes of 10 cm dia-
meter. Batches of 13 plates each 
were exposed at different intervals 
of incubation to caesium radiation. 
— " ^ ^ uri i 
Fig 1 Effect of dffferent doses of Caesium 
radiation on ttie transformation of 
Haemonchus coriortiis eggs to infective 
larvae. Culture plates were exposed once 
on tfie indicated day of incubation 
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Caesium, exposure was given by 
Gammatron C s . " ' Propef controls 
were also kept. Petri dishes were 
incubated at 27°C for 7 days. On 
8th day of incubation infective 
larvae were harvested in Baer-
mann's apparatus and counted. 
The number of infective larvae per 
g of faeces was calculated. 
Results 
The results of the effect of 
caesium radiations on the develop-
ing stages of H. contortus eggs to 
infective larvae are summarised in 
Fig. 1. 
Exposure to caesium radiations 
caused dose related inhibition of 
transformation of H» contortus 
eggs to infective larvae. The maxi-
mum inhibition was observed fol-
lowing exposure on 2nd day of 
incubation. The effect was relative-
ly less when faeces charcoal mix-
tures were exposed on 1st day of 
incubation. The lethal effect of 
radiation was still less following 
exposure on 4th day followed by 
exposure on 5th, 6th and 7th day 
in decreasing order. 
Discussion 
A number of factors may operate 
and interact assigning limiting 
value of the effect of radiations. 
The specimen may clump togather 
or be situated in the containing 
vessels in such position that some 
are protected from the full effect 
of radiations. At 295 nm about 7 
times more radiation was required 
to prevent hatching of Enterobius 
vennicularis larvae than was need-
ed at 228 nm.* 
The susceptibility of parasite to 
radiation is directly related to the 
life cycle of parasite A. suum, 
S. ideiriatus, S. paplHlosus, E. vermi-
cj laris and N. brasiliensle all of 
which are skin penetrators, need 
sheltering of infective larvae. 
Irradiation of the infective larvae 
of Gangeria pacyscelts with gam-
ma rays upto 160 kr had no signi-
ficant effect on the in vitro survival 
of these larvae for a period of 49 
days maintained either at room 
temperature (32.2 — 39.4''C) or at 
4°C.* It has been shown that at irra-
diation level of 60 kr and above the 
larvae failed to become established 
in the host.* Irradiation causes 
some changes in the metabolism 
of the larvae or damages them to 
an appreciable extent with the re-
sult that their normal development 
and migration is disturbed. As a re-
sult the radiation damaged larvae 
are retained in the tissue of the 
host, particularly in the lungs for a 
considerable longer period of time 
and with their ultimate death, resul-
ting in a reduced worm establish-
mefit. Some changes in the meta-
bolism of the larvae due to irradi-
ation have also reported for T. 
ax3i.' 
The development of H. contor-
tus eggs begin soon on suitable 
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media. At a temperature of 27°C, 
after 6 hr some of the eggs show 
morula and gastrula formation and 
by the end of 24 hr, 50% of the 
eggs develop to the 1st stage 
larvae. On 2nd day of incubation 
majority of the eggs were found to 
have developed to 1st stage larvae 
and some (19%) had attained the 
second stage. On 3rd day of incu-
bation 88% of the larvae attained 
2nd stage and remaining 12% were 
c:ill in the 1st stage.' ^4aximum 
effect of caesium radiation was 
observe<l on 2nd day of incubation 
when the proportion of 1st stage 
larvae was large after 2nd days 
indicate that the susceptibility of 
second stage larvae to caesium 
radiation is relatively less and the 
3rd stage infective larvae rema'n 
almost unaffected at the dose 
levels used in the present study. 
The relative resistance shown by 
the infective larvae may be attribu-
te-d to a relatively thick cuticular 
barrier." 
The development of H. corttortus 
from the eggs discharged by the 
infected host to the 3rd stage 
larvae takes place in soil. They 
are influenced by temperature, 
moisture, soil texture and pH. The 
The results of the present study 
indicate that exposure to caesium 
radiation causes inhibition of 
H. contottus eggs to infective lar-
vae to varying degrees, depending 
upon the duration of exposure and 
the stage of development. 
The use of caesium irradiation 
is unlikely to be a practical solu-
tion for the control of soil transmit-
ted nematodes unless the source 
is economical, easily available and 
relatively safe from radiation 
hazards. However, laboratory ex-
periments indicate that such a 
measure could be employed for 
changing the propagation of hook-
worm population. Also, further 
studies are required to assess the 
usefulness of attenuated or killed 
developmental stages of hookworm 
for preparations of vaccine against 
the infection. 
Summary 
Faeces charcoal mixtures con-
taining eggs of slieep hookworm, 
Hsemonchus contortus were ex-
posed to caesium radiations (23 r 
to 1656 r) from 1st to 7th day of 
incubation. Each plate was expos-
ed only once. A dose related inhi-
bition of transformation of eggs to 
infective larvae was observed. 
The maximum effeci was observ-
ed on 2nd day of incubation. The 
radiation has maximum effect on 
the 1st stage larvae followed by 
2nd stage. The 3rd stage or in-
effective larvae are relatively re-
sistent to the effect of radiation. 
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GALVANOTAGTIG BEHAVIOUR OF INFECTIVE LARVAE OF HAEMONCHUS 
CO^f TORTUS 
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SUMMARY 
I. 
Movement of several species of plant and animal parasitic nematodes is reported to be influ-
enced by electrical field of the environment. Study shows that the infective larvae of Hatmonchits ctntortus 
also exhibit galvanotactic reactions. The placement of H. contorlus larvae in the electrical field residted 
in their increased motility. In the field created by the application of current of various strengths (to copper 
electrodes) larvae showed a definite patrcrn of migration. At low current strength (0.05 ampere) the larvae 
migrated towards anode, whereas, at current strength uf 0.1 ampere, the larvae tended to migrate towards 
cathode. Following initi.il response, larvae, liowcvcr, aggregated in the field of electrical neutrality. 
The migrition of larvae towards zone of electrical neutrality with the passage of time may be a protective 
phenomenon in the larvae. 
INTRODUCTION 
The application of electricity used on an experimental basis has been found 
damaging to the eggs and other developmental stages of nematodes dependhtg upon 
the intensity and duration of exposure (Lear and Jacob, 1955). Direct application of 
current expresses galvanotactic behaviour of free living forms of Panagrellus redivivus 
(Groll, 1967) and Trichostrongylus retorlaeformis (Gupta, 1962). 
The present experiment was designed to study the galvanotactic behaviour 
of the infective larvae of Haevwnchus conlortus in an electrical field without the direct 
application of current. 
METHODS 
In order to study the behaviour of infective larvae in an electrical field an 
apparatus was designed. Two copper plates (1.6 x4.7 cm) were fitted facing each other 
along the curvature of the sidewalls of a 6.5 cm diameter petridish. These plates were 
connected to Romtex D.G. source and current of varying strengths was applied to create 
an electrical field inside the petridish. In the centre of the petridish at equal distance 
from both the copper plates an area of 2 x2 cm* was marked and sealed with the help 
of vaseline to prevent migration of the larvae outside tliis zone. The area was divided 
into 8 equal segments by drawing lines parallel to the copper plates with the help of a 
diamond pencil ^Fig. 1). 
The infective larvae of//, conlortus were harvested from faeces charcoal culture 
in a Baerman's ''1917) apparatus. The larvae were suspended in 0.9% saline and the 
suspension was placed in the central square. It was ensured that fluid was uniformly 
spread in all the 8 segments. The petridish was then placed on the plateform of a bino-
cular microscope directly underneath the objective lense. Tl\e number of infective larvae 
in each segment were counted. The D.G. supply was switched on; the movements of 
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PETRIDISH 
Fig. 1. DUgramatic representation of the apparatus devised to study the galvanotactic behaviour of infec-
tive larvae of Haemonchus contortus. 
the larvae observed and the number of larvae in each segment were counted at intervals 
of 5, 15 and 30 min. The migration of larvae at each current strength and time interval 
was observed. Ten readings were taken and the counts of iarvae present in each segment 
was calculated. 
RESULTS 
In the control plates all the larvae were moving freely in the 8 segments and 
were imiformly distributed. Upon application of a current of 0.05 ampere to the elec-
trodes the larvae started moving towards the anode and at the end of 5 min nearly 85% 
larvae had accumulated in segments +2 to + 4 . Their stay in the positively charged 
field was short lived and started moving towards the zone of electrical neutrality. By 
the end of 30 min nearly 95% of the larvae concentrated in + 1 to —1 segment (Fig. 2). 
When a current of 0.1 ampere was applied larvae started migrating from the anode 
towards the cathodcj and after 5 min all larvae from the 3 segments near the cathode had 
migrated to the centre ( + 1 and —1 & —2 segments). No migration was observed from 
areas near the cathode. With the passage of time the larvae preferred to migrate towards 
the zone of electrical neutrality and at 15 min majority of the larvae were found in the 
central zones. The larvae continued to remain in the same zones even after remaining 
for 30 min in the electrical field but were concentrated more towards cathode (Fig. 3). 
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Fig. 2. Migration of infective larvae o{ Haemanchus conlortus in the electrical field of current strength ofO.OS 
an^Jcre at difierent time intervals. 
Following the application of 0.5 ampere current , the larvae started migrating 
towards anode and at the end of 5 min n q J a r v a e were seen in any segment towards 
cathode from the zone of electrical neutrali ty. With the passage of t ime, the larvae 
started moving towards the zone oi^ electrical neutrali ty and by the end of 15 min all 
the larvae migrated to i 2 zones from the centre. Thereafter some of the larvae started 
showing bizzare movements while majority remained in the zone of electrical neutrali ty. 
These larvae, though sluggish in movements, moved sometimes towards the anode and 
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Fig. 3. Migration of infective larvae of HaemiticHus contorlu! in the electrical field of current strength of 0.1 
ampere at different time intervals. 
at other times towards the cathode. These could be observed in all the zones at the end 
of SOmin (Fig. 4). 
Similar behaviour of larvae was observed when the current of 1 ampere was 
applied (Fig. 5). 
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Fig. 4. Migration of infective larvae of Haemonchus coiilortus in the electrical field of current strength ofO.j 
ampere at different time intervals. 
Exposure of the larvae to the electrical field for 30 min was followed by changes 
in the pattern of their activity. The activity initially increased for about 10 min. This 
was followed by progressive decrease in the movements of the larvae leading to paralysis 
followed by death. The duration of survival of larvae was directly related to the intensity 
of current strength (Fig. 6). 
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DISCUSSION 
The movement of nematodes and their developmental stages is influenced by 
several factors operat ing in the environment . The organs sensitive to touch (CroU and 
Smithj 1974) and chemical stimuli present in the bodywall play an important role in 
the behaviour of nematodes. Movements that are influenced by light have been shown to 
be expressed in several nematodes even though few species contain photoreceptors 
(Groll, Evans and Smith, 1975; McLaren, 1976). Oilier factors that are responsible 
for the movement of nematode larvae include chemical (Ward, 1973; Ward, Thompson, 
VSTiite and Brenner, 1975), thermal stimuli and influence of gravity (Grofton, 1954). 
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Fig. 6. Fifty and ninety per cent lethal effect of currents of different strengths at different time intervals 
Several species of plants and animals parasitic nematodes have been reported 
to show movement under the influence of electrical field. Bird (1959) argued that the 
larvae were influenced by redox potentials, and moved along a gradient of decreasing 
potential. All of the dozen genera of plant parasites, except second stages Heterodera 
schachtii larvSLC, moved to the cathode (Bird, 1959; Gaveness and Panzer, 1960; Jones, 
1960; Groll, 1967). Microfilariae of Litomosoides carinii in standard serum tyrode 
(Hawking, Sewell and Thurston, 1950) and larvae of P^ /o<i«ra strongyloides moved x.o X.\.G 
anode, whereas adults did not respond (Whittaker, 1969). 
Experim.ents conducted with Ascaris muscle cells indicate a negative resting 
potential around—30 to—40 mv (De-Bell, Del Castillo and Sanchez, 1963; Del Castillo, 
De Mello and Morales, 1967). If such a pKJtcntial also exists in other nematodes including 
the larval stages of H. contortus, one can assume that imder the electrical field the 
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larvae would migrate towards anode, as it liappened in the present series of experi-
ments when a field was generated by application of a current »0.05 ampere). The appli-
cation of electricity may cause either depolarization or hyper polarization of the cells of 
the nematode (Del Castillo et al., 1%4; 1967). The former resuked in excitation, while 
the latter caused inhibition. The placement of if. conlortus larvae in the electrical field 
resulted in its increased motility wnich Is likely to be due to depolarization of the larval 
cell membranes. 
In the field created by the application of current of higher strength the larvae 
migrated towards cathode as well. Some times the proportion being more than 50%. 
This may result from either hyperpolarization or due to the dbJrien tation produced by 
the stress of being placed in the electrical field. However, majority of the larvae 
tended to aggregate in the field of electrical neutraUty. This may be attributed to a 
phenomenon of self preservation present in living beings. 
The application of electrical field causes complete ionization of sodium chloride 
present in the suspending media and accumulation of sodium ions towards cathode and 
chloride ions towards anode. It can be argued thai when larvae under the influence of 
electrical field migrate towards cathode or anode, the ion exchange takes place between 
the suspending fluid and the cells of the larvae. Such an exchange will depend upon 
the permeability of cell membrane, osmotic pressure and concentration gradient 
(Schopfcr, 1925; Maplestone, 1926). 
In the new environment near electrodes under the influence of electrical field 
the larvae tended to acquire an equlibrixmi by ionic fluxes as it happens in higher animals. 
The evidence of change in ionic equilibrium under the influence of electrical field are 
lacking. However, the nematodes and their ju\ cniles have ability to regulate sodium and 
chloride ions, though within limits, under the influence of osmotic pressure exerted by 
the suspending media. The migration of the larvae in the second phase from cathode 
to the one of electrical neutrality may thus be a protective phenomenon in the larvae to 
escape from the trauma it experienced while near the cathode. 
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EFFECT OF ULTRAVIOLET RADIATION ON THE DEVELOPMENTAL 
STAGES OF HAEMONCHUS COMTORTUS 
R. R. GUPTA, K. G. SINGHAL, P. N. SAXENA AND ANIL KUMAR 
Dtpartmtnt of Pharmacology, J. N. Medical College, Aligarh Muslim University, Aligarh 
(Received January 15, 1982; revised May 30, 1982) 
Ultraviolet radiation has been shown to cause abnormal embryogenesis in deve-
loping eggs of Ascaris megalocephala (Stevens, 1909) and reduction in the survival time of 
infective larvae of several species of nematodes (Bezubik and Wedrychowicz, 1976). 
No report is available on the effect of ultraviolet radiation on the developmental stages 
of hook worms. The present study was designed to study the effect of ultraviolet 
exposure on the developmental stages of sheep hook worm, Haemonchus contortus, from 
eggs to infective larvae. 
Faeces of sheep experimentally infected with H. contortus were collected in muslin 
bags attached to rams or withers to avoid contamination with urine. Egg count was 
made by StoU's (19<l3) technique. Faeces was mixed with granular charcoal in a 
proportion so as to contain 500 eggs/g of faeces. The mixture was spread uniformly 
in glass Petri dishes of 10 cm diameter. Batches of 3 plates each were exposed at 
different intervals of incubation to ultraviolet radiation (1-15 min). Ultraviolet exposure 
was given in a chamber by 15 watts ultraviolet germicidal tube (Philips, Holland) 
45 cm in length. Petri dishes were kept at a distance of 46 cm from the central axis of 
the tube. The radiation energy at this point of exposure was 462.02 uw/cm*/sec. 
Proper controk were also kept. Petri dishes were incubated at 27°C for 7 days. On 
8th day infective larvae were harvested in Baermann apparatus and counted. The 
number of infective larvae per g of the faeces was calculated and the development 
score was calculated as follows : 
_. , ^ No. of infective larvae developed/g (mean) 
Development scorc=r5 = ;—; r —-^-^ ' 
No. of eggs/g (mean) 
The course of development of non-irradiated eggs to infective larvae is given in 
Table 1. The effect of ultraviolet exposure on the developmental score is presented in 
Fig. 1. 
The development of H. contortus eggs begin soon on suitable media. At a 
temperature of 27''G, after 6 hr some of the eggs show morula and gastrula formation 
and, by the end of 24 hr, 50% of the eggs develop to the 1st stage larvae. Exposure 
to ultraviolet radiation on the 1st day of incubation had no significant effect on the 
further development to infective larvae. On 2nd day of incubation, majority of the 
eggs were found to have developed to 1st stage larvae and some (19%) had attained the 
2nd stage. Exposure to vdtraviolct radiation caused duration dependent damage to the 
developmental stages. The development score was 0.62±0.055 following 15 min 
exposure as compared to 0.98±0.027 in control. 
On 3rd day of incubation 88% of larvae attained 2nd stage and remaining 12% 
were still in the Jst stage. Exposure to ultraviolet radiation caused maximum damage 
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TABLE 1—Development ofH. contortus eggs to infective larvae in faeces charcoal culture media 
Incubation period 
6 h r 
12 hr 
18 hr 
24 hr 
2 day 
3 day 
4 day 
5 day 
6 day 
7 day 
Eggs 
79 
Morula 
17 
30 
Gastrula 
4 
68 
18 
Stages of development 
Tadpole Prehatch 
2 
78 4 
5 45 
1 4 
1st larvae 2nd larvae 3rd 
50 
76 
12 
.. 
,. 
19 
88 
73 
48 
8 
larvae 
.^  
27 
52 
92 
100 
lO-
0-8 
o 
u 
I 
&6 
UJ 
2; 0-4 
0-2 
^ . . ' " ' * ' ' ^ — - '•• - ^ 
-I 
\ . V . 
\ . 
0 
- I — 
5 T 
_7th.dl<lY 
OUt.ol4y 
- 6th.a.4y 
•^  z-ndday 
I 3 7 9 II 13 15 
EXPOSURE MINUTES 
Fi^, 1. Effect of ultraviolet radiation on the development of H. contortus eggs to 3rd stage larvae, 
Q 
"•" 5tK.d<iY 
>» 4th.d<»V 
\ZrA.di)f 
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and no larvae could be harvested on 8th day following 15 min exposure. However, at 
lesser duration of exposure, some of the larvae attained infective stage. 
The effect of radiation started declining following exposure on 4th and sub-
sequent days. The reduction in the damaging effect of radiation was related to the in-
crease in the number of 3rd stage larvae in the culture media. On the 7th day of incuba-
tion, when all the larvae were in the infective stage, radiation caused no significant 
reduction in the development score (0.95±0.026 following 15 min exposure). 
The development ofH. contortus from the eggs discharged by the infected host to 
the 3rd stage larvae takes place in soil. They are influenced by temperature, moisture, 
soil texture and pH. The results of the present study indicate that exposure to ultra-
violet radiation causes inhibition of transformation of intermediary forms to infective 
larvae to varying degrees, depending upon the duration of exposure and the stage of 
development. The eggs and the infective larvae are least influenced by exposure to 
ultraviolet radiation probably because of the protective covering provided by the egg 
shell and the cuticle of the infective stage larvae (Veglia, 1915). This is evident by 
the fact that exposure on 1st or 7th day of incubation did not reduce the developmental 
score. 
The effect of ultraviolet rays on the developmental stages of hook worm is likely 
to contribute to the geographical distribution of the disease and may serve as a natural 
check to the propagation of hook worm infestation in areas with higher intensity and 
duration of sunlight. 
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EFFECT OF CULTURE FILTRATES OF FUNGI ON THE TRANSFORMA 
TION OF HAEMONGHUS CONTORTUS EGGS TO INFECTIVE LARVAE IN 
SOIL 
K. G. SINGHAL, RASH.VII AGARWAL, K. G. VARSHNEY AND ABIDA MALIK 
Department of Pharmacology, J. K. Medical College, A. M. U. Aligarh-202 001 
(Received November 10, 1983; revised January 8, 1984) 
TricJiophytori mentagrophyte, Microsporum gypseum a.nd Fusarium sporotrichioides,'oht!ii-
ned Irom the scrappings of infected patients, were cultured in Sabouraud's dextrose 
broth at 25^G. About fifteen days old cultures were used to prepare filtrates. Faeces 
of sheep artificially infected with Haemonchui contortus was collected in muslin bags atta-
ched to the rams or withers to avoid contamination with urine. Eggs were counted 
by Stoll's (1923) technique. The faecal pellets were pulverized and mixed with gra-
nular charcoal/soil in a ratio of 1 : 2 and the mixture was so adjusted that it con-
tained 500 eggs per g. Thirty g of the mixture was spread in each petridish and the 
moisture content measured by Toshniwal moisture balance. Distilled water was 
added to provide the optimum moisture content requirement for each soil type 
(Singhal, Agarwal and Varshney, 1983), which was between 30-38%. Five ml of 
culture filtrate was added to the faeces charcoal/soil mixture. Proper controls were 
also kept. The petridishes were incubated at 27°C for 7 days. On the 8th day, 
the infective larvae were harvested in Baermann's apparatus (Baermann, 1917). The 
number of larvae per g of mixture was calculated and compared with the control. 
A perusal of the results presented in Table 1 indicates that the culture filtrate 
of M. gypseum, T. mentagrophyte and F. sporotrichioides were effective in inhibiting the 
larval hatch of H. contortus in charcoal and in soils of varying physico-chemical com-
T.^ BLE 1. Effect of culture Jilrates of fungi on tke transformation of Haemonchus contortus 
eggs to infective larvae in soil 
(lulture filtrate 
GliarcodI 
Percent transfonmtioa J; SD* 
Sand Sindy Sandy Sandy Loini 
(moisture 30% loam I loam II clay loam (moisture 34%. 
pH 10.4} (moisture 33% (moisture 36% (moisture pH8.3) 
pH 7.5) pH7.4} 38%pH6.7) 
M. gypsemn 81.7i2.55 
P<0.02 
15.56£4.12 30.5±2.63 
P<0.01 p<0.01 
r . mentagrophytt 30.8± 1.6 
P<0.001 
F. sporolrichioides 30. 7 ± 1.84 
P<0-001 
7.2±1.8 
P<0.001 
7.0±2 
P<0.001 
18.1±2.7 
P<0.001 
8.35±2.32 
P<0.001 
41.5±2.4 
P<0.001 
32.5±1.6 
P<0.001 
35.3±2.16 
P<0.001 
49.67±3.13 S\.62±lA'i 
P<0.001 P>0.1 
7.83±2.0 
P<0-00l 
11.17±3 
P<0.001 
14.7J-1.86 
P<0.001 
34.6±5.23 
P<0.001 
Control 87.9i:3.0 23.3^2 39.98±2-46 65.65±2.25 80.17i:2.9 82.12±2.29 
•Mean of ten experiments. 
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position. Addition of the culture filtrate of JW. gypseum failed to influence the develop-
ment oi Haemonckus eggs to infective larvae in loam (P>0.1). On the other hand, 
transformation was inhibited significantly in charcoal (P<0.02)j sand (P<0.01) and 
to a much greater extent in sandy loam II and sandy clay loam (P<0.001). In-
hibition of transformation produced by T. menlagrophyte a n d F . sporolrichioidss was 
highly significant in charcoal and in all the five soils included in the present study 
fP<0.001). 
The influence of biological factors on the development of nematode eggs in 
soil has not yet been sufficiently explored. However, some fungi are known to attack 
the eggs and the free living stages, causing damage and thereby inhibiting further 
development. Of the three species selected for the present study, only F. sporolrichi 
oiVfej is known to be predaceous. The other two fungi, T. menlagrophyte and M- gyp-
seum, significantly inhibit transformation of h. conlorlus eggs to infective larvae. 
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EPIDEMIOLOGY OF SOIL TRANSMITTED NEMATODES 
K. C Singhal 
Department of Pharmacology, 
J.N. Medical College, A.M.U., 
Aligarh, India 
Epidemiology of helminth infestations has been viewed in 
numerous published works from the important effects of climate. 
Yet many questions remain unanswered regarding development or 
availability of some stage of life cycle, distribution of disease, variation 
in population of helminths and the resulting incidence of disease in 
man and livestock. The environment of the parasite is never that in 
which standard meterological measurements are made. The interac-
tion between macroclimate, the soil, and variable herbage cover 
providing a microscale environment in which the parasite passes from 
fresh but inconsistent faeces on to the herbage defies precise analysis. 
Several species of nematodes anxious to parasitize human host are 
unlikely to show identical response to changes in wheather. Even 
where single species are involved different stages in the life cycle 
may respond differently to changes in wheather, for instance, nema-
tode egg is ussally more resistant to dessication than the larvae. 
Reliable data regarding incidences of helminth diseases in diffe-
rent parts of the country are lacking. However, isolated studies 
indicate, for example, hookworm infestation is heavy in southern and 
eastern states. Very high prevalence has been reported from Assam, 
West Bengal, Bihar, Orrisa, Andhra Pradesh, Tamil Nadu, Karnataka, 
Kerala and Maharashtra wheraas it is rare in Rajasthan (Arora, 
Biswas and Mathur, 1976). 
Parasitic worms infect man in almost all regions of the world, 
but there is a particular abundance of them in tropics—an abundance 
both in species and individuals. This is the result of important 
climatic and sociological factors. The distribution of soil transmitted 
nematodes is not only affected by climatic conditions of rainfall, 
temperature, humidity, factors in soil matrix but also largely by the 
sanitary practices of human population. 
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Some nematodes require no intermediate host, the adult worms 
develop directly from eggs in the alimentary canal of man. 
Transmission of these worms including Trichuris trichuria and Enter-
obius vermicularis remain unaffected by ecological factors. In other 
instances eggs pass out in faeces and develop in soil either within 
the shell (Ascaris) to be ingested orally or emerge out and grow to 
infective larvae and wait for a bare footed host to get entry (Ankylo-
stoma duodenale and Necator americanus). However, infestation 
with Trichostrongylus orientalis occurs more commonly following 
ingestion of infective larvae. Strongyloides stercorales serves as an 
exception where both eggs and rhabiditiform larvae are passed in 
faeces and develop to infective larvae either on perianal skin to cause 
direct infection by skin penetration or develop in soil to wait for the 
victim. 
The animal parasitic nematodes that hatch and develop to infec-
tive juveniles outside the host, in soil, are influenced by several 
factors operating simultaneously. These include:— 
Climatic conditions — Temperature 
— Moisture 
Factors in soil nf>atrix — Soil texture (porosity) 
— Hydrogen ion concentration (pH) 
— Osmotic pressure 
— organic matter 
— cation exchange capacity 
— chemicals 
Thirty soil samples (0-30 cm) were collected from different 
geographical regions. They were sieved to determine the percentage 
of sand and sift. Clay content was measured by the method of 
Wilde et a l , (1978). Six samples varying in their sand, silt and clay 
cofTtent and in porosity, were selected to study the influence of 
moisture, pH, electrical conductivity, cation exchange capacity, 
organic matter and pesticides on the transformation of Haemonchus 
contortus (sheep hookworm) eggs to infective larvae. 
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Ef fec t o f sand, s i l t , c lay con ten t and clay ra t io : 
The hookworm disease, caused by Ancy/ostomO duodenale and 
Necator americanus, is primarily due to soil pollution. Texture of 
soi l , ttxetefo^e, exercises a marked inUuence o^^ tt^e geogtaphical 
distribution of the parasites. Unshaded loam and l ight sandy soils 
covered with grass and vegetation are most favourable to the deve-
lopment of hookworm larvae. However, infective larvae of hook' 
vvorm can survive at least four months in a variety Of d.fferent soils 
jirespective of their porosity. 
The movement of nematodes in soil is particularly influenced by 
the physical texture of the soil. Nematodes are too smdil to displace 
rnany particles in most soils and are, therefore, restricted to the pores 
formed between the packed particles. Soils vary in textural composi-
t ion, i. e. percentage sand, silt and clay and these differences are 
often reflected in the pore size distribution in the soil- Sandy soils 
usually contain larger pores and drain more quickly than heavy clay 
soils (Wallace, 1970)- In general, soils with a high clay content 
reduce mobility more than do sandy soils, except vvhere numerous 
crackes and fissures give alternative pythway for movement. 
In the samples o^ soi^s studied higViest clay ratio ^Nas ^ound ir* 
Al igarhsoi l I fol lowed by A igarh I I , Red soil of Bihar, Aligarh soil 
111 and Black cotton soil of Kota in decreasing order- The transfor-
rnation of H. contortus eggs to infective larvae was seen to be 
directly related to clay fatio and consequently porsoty of the soils. 
Maximum conversion of eggs to larvae occurred in Aligarh soil I 
(91%) and minimum in Black cotton soil (53%)- Al l other soils 
occupied intermediate position corresoonding to their porosity 
(Singhal et al.. 1981). 
Hyd rogen ion c o n c e n t r a t i o n (pH) : 
Development of H. contortus eggs to infective juveniles was 
observed in seven different soils. No correlation between percent 
transformation of eggs to larvae and pH could be found The maxi-
inum transformation 191';;,; took place in Aligarh 1 soil vvith alkaline 
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pH 9.2 and minimum in black cotton soil with pH 7.4 whife the 
ideal pH for the development of H. contortus larvae has been shown 
to be 6.6 (Singhal et al., 1981). 
Osmotic Pressure : 
Soluble salts measured by the electrical canductivity are respon-
sible for the osmetic pressure exerted by the soil. The Hoemonchus 
larvae can withstand wide changes in osmotic pressure. Aiigarh soil 
III has minimum osmotic influence but the transformotion from eggs 
to infective larvae was minimum in black cotton soil. The maximum 
osmotic pressure is exerted by Aiigarh soil II but the development 
was 87.5% It is apparant that the developmental stages of Haemo-
nchus species are capable of sustaining wide variations in osmotic 
pressure (Singhal et al., 1981). 
Infective larvae of H contortus (200 larvae/ml) were suspended 
in sodium chloride solution of varying concentrations. The tubes 
were incubated at 27^C. The solutions provided osmotic pressure 
from 0.16 to 70.22 atmosphere and corresponding osmolality ranging 
between 8.8 to 1051.2 mosmol/kg. Mean per cent survival of the 
larvae was observed after 24 and 48 hr after incubation. The results 
of the study indicate that osmolality range from 70 to 420.5 mosmol/ 
kg favoured maximum survival of larvae of H. contortus an increase 
or decrease beyond the range reduced the survival of the larvae. 
Maximum survival of the larvae was observed at 315.4 mosnol/kg 
and 5.6 atm osmotic pressure provided by 0 9% sodium chloride 
(Singhal et at., 1982). 
Cation Exchange Capacity : 
Nematodes are capable of maintaining their ionic epuilibrium to 
a great extent irrespective of fluctuations in the environment. Minor 
changes in the concentration of exchangable cations in the soil can 
be considered to be of little consequence, wide changes, however, 
may have some adverse effect on the life process in nematodes. 
Cation exchange capacity of black cotton soil is very high (31.5 meq/ 
100 g soil) as compared to other soils. The low transformation of 
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Haemonchus eggs to larval stage in black cotton soil may partly be 
due to the presence of high concentration of exchangable cations. 
Cation exchange capacities of other soils are in range of 6.5 to 
16 35 meq/100 g soil. It is likely that this range provides a favourable 
environment for the development. However, study with more soils 
is needed to reach a meaningful conclusion (Singhai et al-, 1981), 
Organic Matter : 
The growth of free living nematodes takes place under a variety 
of environmental conditions. Their abundance is correlated to a 
high organ'c content of the soil. The soil rich inorganic matter is 
considered to be favourable for hookworm development (W. H. O., 
1963). 
The most important factor governing the total number of nema-
todes in the soil is probably the amount of easily decomposed 
organic matter present; this may be increased directly by organic 
manuring and indirectly by both organic and inorganic manures 
which promote better plant growth with correspondingly increased 
plant residues (Stockli, 1952). Increase of easily decomposed organic 
matter leads to increased population of micro-organisms which in 
turn provide increased supplies for the saprobic and fungus feeding 
nematodes. 
In the study carried out by us with seven representative soils no 
correlation with organic matter content and the transformation of 
Haemonchus eggs to infective larvae could be observed as these 
soils did not vary much in their content of organic matter (Singhai et 
el., 1981). 
Effect of Chemicals (Pesticides): 
Carbofuran : (2. 3-dihydro-2, 2-dimethyl-7 benzofuranyl methyl 
carbamate) 
Carbofuran is finding increasing use in the cortrol of plant 
'parasitic insects and nematodes due to its low mammalian toxicity, 
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refativefy short persistance in soifs, ease of degradation by non target 
organisms and comparatively innocuous degradation products. 
Against the transformation of sheep hookworm H. contortus eggs to 
infective larvae, its efficacy was found to vary in different soils (Table). 
This differential efficacy may be attributed to its varying bioavalabilrty 
and consequent bjoactivity. 
Table : Transformation of eggs of H, contortus into larvae in soils 
wi th different characterstics and concentrations of carbofuran 
required for 50%, (EC50) and 90% (EC90) inhibit ion. 
Soil type 
Aligarh type 1 
Aligarh type II 
Lucknow 
Hed 
Manipur 
Aligarh type III 
Black cotton 
clay ratio 
32.3 
8.7 
7.33 
4.3 
3.37 
2.4 
1.2 
pH 
9.2 
8.0 
8.3 
6 4 
6.7 
7 8 
7.4 
%of eggs 
transformed 
into larvae 
91 
87 5 
85 
82 
78 
75.5 
53 
Carbofuran ug g 
EC50 
100 
57.54 
70.79 
23.99 
3 2 3 6 
44.67 
83-18 
EC90 
512.9 
295.1 
371.5 
120.2 
166 
223.9 
426.6 
Amongst other factors, degradation of carbofuran is largely 
influenced by hydrogen ion concentration. In general, carbofuran is 
stable at acidic pH. A higher level in the same soil appreciably 
increases the degradation of carbofuran. The relative low activity of 
carbofuran in black cotton soil as compared to other soils which is 
apparently unrelated to the pH, indicates that the pesticide, besides 
being degraded can also be adsorbed resulting in its reduced 
bioavailability. This is expected because of highest clay content and 
cation exchange capacity (31.5 meq/100 g) of the black cotton soil. 
Carbofuran is generally applied to the soil in a concentration of 
40 ppni. This concentration is sufficient to inhibit transformation of 
Haemonchus eggs to infective larvae in Red, Imphal and Aligarh i l l 
soils and kill preformed infective larvae within 120 hr. 
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Nsmagon : (1,2-dibromo-3, chloropropane) 
The approximate LC50 of nemagon against the transformation of 
H. contortus eggs to infective larvae was 27 ug/g in Red, 33 ug/g m 
Imphal. 38 ug/g in Lucknow, 49 ug/g in Aligarh II 59 ug/g in Aiigarh 
III , 76 ug/g in Aligarh I and 95.5 ug/g in Black cotton soil. The 
differential efficacy of nemagon in soils was possibly due to varying 
degree of adsorption by clay minerals and organic matter present in 
different soils. 
These observations assume significance from public health view 
rc in t . For protecting plants from the harmful effects of nematodes 
and fungi, nemagon is generally applied to the soil in a concentration 
of 8 8 to 1 toT'hectare (equivalent to 178-220 ug/g of soil). This 
concentration is sufficient to prevent the transformation of 50% 
Hciemonchus eggs to infective larvae in any of the soils used in the 
present study, as the concentration required varies from 26.62 ug/g 
in red soil to 95.5 ug/g in b ack cotton soil. However, to inhibit the 
tranjfcr.nation to 90% a high concentration range of 213 u g g (red soil) 
to 691 ug'g (b'ack cotton soil) is needed. Such applications wil l 
serve the dual purpose of preventing plants from nematode and 
fungal diseases and man and livestock fro.n acquiring soil transmitted 
nematodes. 
Phosphomindom : (2-chloro-N, N diethyl-S-hydroxy-crotonamided-
imthyl phosphate). 
Phosphoinindon, effect of which against nematodes is known 
only against '^phelanchoides rirzemabosi, causes concentration related 
inhibition of transformation of hookworm eggs to infective larvae 
The bioavailability of phosphomindon depends mainly upon pH, cation 
exchange capacity and clay minerals. In alkaline soils it is quickly 
hydrolysed thus reducing its efficacy in Aligarh III, Lucknow, Aligarh 
I and Aligarh II soils, while it showed high efficacy in acidic soils (Red 
and Imphal soils). In black cotton soil with pH 7.4 the efficacy of 
phosphomindon was low because of its high cation exchange capacity 
and high clay content which favours adsorption of the pesticides. 
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Mala th ion : (S-(1,2-dicarbathoxy-ethyl)-0, o-dimethyl dithiophos-
phate) 
Application of malathion to soil caused concentration related 
inhibition of transformation of Heamonchus eggs to infective larvae. 
However its efficacy was different in different soils. The varying 
bioactivity of malathion may be attributed to different rate of its 
degradation either by chemical or microbial pathways (Hindin, 1963; 
Getzin and Rosefield, 1968). The degradation of malathion is directly 
related to the adsorption suggesting that degradation occured by 
chemical mechanisms is catalyzed by adsorption (Konrad et al., 1969). 
The extent of malathion adsorption depends on pH, organic matter, 
clay content and cation exchange capacity of soils. 
Metasys tox : 
An organophosphorus insecticide find wide use tor plant pest 
control. However, in'ot'mation pertaining to its effect on soil transmi-
tted nematodes is not available in literature. 
I 
The insecticide tend to degrade more rapidly due to the presence 
of organic matter and bacteria in the soil (Getzin & Rosefield. 1968) 
and gets incorporated into the soil organic moieties via microbial 
assimilation. However, this does not account for the degradation of 
major concentration of metasystox in soil (Houseworth and Tweedy, 
1974). 
Low efficacy of metasystox observed in Imphal and Aligarh II 
soils may be attributed to their high organic matter content. However 
in general, metasystox was more effective in inhibiting the transfor-
mation of H. contortus eggs to infective larvae in silt clay loa.m 
(black cotton) and silt loam (Aligarh I) soils. In loamy soils higher 
concentration of pesticide was required to check the propagation of 
nematode population 
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